


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1991-12 


Backpropagation neural network for noise 
cancellation applied to the NUWES test ranges 


Wellington, Charles H. 


Monterey, California. Naval Postgraduate School 


http://ndl.handle.net/10945/26899 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 


/ (8 D U DLEY research materials and institutional publications created by the NPS community. 
| Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS'‘s first 
th 
KNOX appointed — and published — scholarly author. 


INN LIBRARY Dudley Knox Library / Naval Postgraduate School 


411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 








http://www.nps.edu/library 


se «Ww 


i de 


ars 


- 


as 


rt 





























ve’ 2 ih i, ee Ld | 
ot ry ss 
_ = * ® fi 
eri se 
=i , es _! 
i Li i ty 7 8 
segta i ay 
Cf La i oe ee Ss 
eh Mi meu ry ti ud 
rT i ala LY -_ 
hee A w= her Bove La 
ie an ‘ay re as 
.n . Ph v4 ye ht 
en “20S Coal pe ay 
Ors es A = ~) ee ‘ & * = LW 
" r as. rey i 
a ee eee) 7 e a * cd 4 OY BUO254 0 
a we Fe a ae es os , COO barat w 
Ce | td ee La HPAES es 
q Lo . rl . i 
a >= se * nye RAT | POR f ay Rar Mt da secstg ay See ie 
a, ee ee ee a ori - gt 72h ar gr Q bs 
Jae et p = are fl 
e a 7 ov ‘ha ru e . r a cS SOane: oe a a UCL serge: 
i oh oh? ? x > ry 
+) ik Set Se RG pape hee 
fie oa im a) 3 Cot 
- ae ee * 3 
- - . | i 
i) . \ 2 
on | oe aD eee 
uJ (4 = ae t-aae 
La Te me Ca) bt | J 
a ie te oes Ore A oe ne seen 
J a et fee ey a Bek deena) es: hw ae 
Pal ee o bs Tn WR cl ag ee th ee yy, we 
ra Pj oe 4 aN ve i oe Teo <a big a nn tt * oon 
ne eet Pry Ce Cro ee eee 






Agr 
_yhe 8 see wv a Seewiene “ry Oy, Pwr oN 









ha 8 ie seh b. 4 ow) Peay ay Pay 
cx r > AXON Mr a 
































































a eek ad Bate Ser tr rarheteta bys 
a | - =) e+ ay mY, ee oe oc ry bic, Th A A “d Fae aye pe BP beeen ayy hades) 
Pe hy oe ee ty be Pw Yee Ath Py ee Akh Reina c Ch Oh ere Pr en Sy, 
r ue epee 8 - Kn aw Lx ao R sac? Lee SO CY YD 4 ny bendy ntekecae SLT 
URS i Fr ee ie | byt rn ie Pa Rae GOUT ore Eyod Re Shs ort ary | os 
| on oak Tiatiwie CCD tes Ly ays Sn eg byke Sots 
. el eal an Ot © Me arr ys y ny’ Seater lates Recut 
: Le i ear fir) * yy Pes irs he ere 
nen! 7 ee Pe oe) Te es Shad ere we oe * 7 
; Asem oma RV TO aes Se SSeS rs 
jt 9 - es rt wy “ oth ] Pe KS nen Rt eet Seats ia ye oe 
U ae 7 r ee =RO * aha 
re oe = pf eed TS \. b hartge td ote Sele Renata ailing 
f wn ° re ea Pa ry Ser ND: ee Me.’ Sowa) o “ pl apy es farmer eae oe Shalonon aneeeeiall a a 
Cn eo er * re eee Cs : eee Sra metas 
Ty ee aCe De SO UN ‘Fy : ia ; Sot “we aes eek Sater 00 ertoe Qo te ey 
as J ~~ ' = J * 7 J as & 
why Pe mr) ica) Ge be CURR TULE Sa a la oe) i iW bok ee eT ered 
aha af De meh ty alee be ee me Cy ; eae ee! ; au oe uch Cee 
,* he . 9 [ay wa ee ts a ate 
a > ae S$) te Pa on me = he Ag LPT 
we OS Cn te A oY i “tare re J Babe CA 1 
a Oi 7 a betty se SAS ‘ee be fe ae 
=9 p . ap, t Ae' 4 alg Pe ae 
CC ore 5 
e . er rn a AS ee 
as Lad oe ate he) as) Re. Ld hattn ds too, ee} 
Pelee SAR a to ee ed The A 
e is a Ras a - irre » Crear 
tod PY =. " 
\ Ri x, » em," a aes A - era yak a atte Aree wie Pre Srey 
- a Som eter Minctia deta n 
a SS aor ‘a ry _ Pt. "e ~ ALS ry AS a 13 Re z* a A arena Bonet ae a ie bt oh 2 bys 
4 A P a 7 i ny ese Me ¢) ya we 1s ' ney nate Cis eP Ses bed ee 
, ‘ : ; i a — Sy ae ee Ls _ he 
? my. ny = aw “gl Ae eS ears res hc mins = 
ve rr. > i ; is T e wgid A Ua ant ae, 
See Me PA Top mK re en toe 
7 ry ' rs oY i Seo eee of 
4 as we i lmte St rT oa eta gaz ts i re ee Sete 
’ ee RY Ree Fn. “4 aoe 
' i t Cr a’a Ss i / ” ‘ ” : bes 
PPT sate Te Ralgteced: 2. RP ht ie Pore eS e ays antes BS Scene 
! - . cs 7 Mi ral + cf 
. “ ue , Ore aie ‘et . a ht Oe (en Rt Raa Fe ; se deg Tad _ 
a = ~y f h 
re. | ete Oe | t Ay oy 4 ne ow a 4 = oF i trry or ee a < _ ' 
a | ry i Lee, | n rhs we ry el eh? = '6 re) re Sere aes y 
Ye “ gO Oldie Lib gh be Oe oa ae CM dn ei 
rear al a sR a as Don 4 ea rg pagent , 
a a ie ee Peete ya, Pos aie aa 
-Y a= yy a! eT m Pht oe 7 re tt bh = WA 
2 = ' a at dient al e ~ 3 a | 
“Sr i Se) ioe we | Bae BC. a eS 
So: = roe Tr} - = ee ae ° bey eke ite cat bor 
A ee 2 ] fl ec Fl A) +0 of }e& Spa. Suds ms 9 y=? 
Pal Ye i ee ee a ee Std eee ts te Fae 
Cr ee Neder pe dum Fy hen ? Ron i a rr eee ee 
PA ey? vg Ae ee ee AS etn de | ok) eben TS te at ee : 
ee Cr eae cw =e a Pt et 3 ORs 
a 2a NE ee er Se a ie =r tk = w 
5 .. ee we yf Y 7 LA ed er ve ira] 6 es L* : i he F x ra 
ay ey by DA P a oF Li +} o if fe og 
Da = uP ine ' Oem Ty ih, ee ee ee) a 
Ce a we AY» Pes na Mae . Ms 
ee i ' ¥ s a ’ 
i : oe i) Me 4 i ag ke 2 us ut va 
J 7. a esa yer ery ys 2, a > 
Cran a " ; amet b TS | ies N » srs A i ee 
’ ' = Oa | Po He Piet w eS a ry 
~ ' r S, ihe Hy he rere 4‘ - | oy i - Aha id a 
, 4 ‘ou 4 Py ee Oe ry ) Pita ets ee / 
RIT UL ‘ore were ee Ga Yt en 3 an + Oe 
2 , a 1 i F ch i . x was . 4 “e L : ' 
2 iO. 4 ‘ re ye . " 
3 y a f i L ? 7 a ra ! ri pn ek wis aCe a - y at e 
a 4 I a i ms - * Oe . 7 ie 
ak Te ie wh Ae re dal al Me ie te 4 a, ~ eye ets 
vn oo _ yi; hr i i FA | i] a coh : S 9 AM 
ara ] i : | (i> ‘i S 
eee eg 3 ae j ale ae me a i. Saar la Gites ny a haa 
s A 2 
» : a te P i I | he Ee ay Re he fi Es aA in a om 
a ioe ae AT? i aa. rs of ed eI es ns : A 
FI _ 4 ee F 4 ‘i ee i —) PF , x 4 A x 7 s-4 
» be ae me . ' = ! s! ; 
y rad i sed a r 1 yl oy » 
*? > ‘ OM eT a. 7. a ey 7, : re I, 
ry Sie eo a ; Sal Sade Sa ata 7 
j i fe ed ; j a - a F _ “ 
A, | es iL oy t- | a H i | 
J fl ry i =T = ig ‘ o 
. x e 5 ki I " . an j i i 1. 1 Py \ =e 
O 5 ' F : cf 
an RRS Malian hit is 
l a i ec ars ' Oe a 
i eo 5 an cad é i a op * a 
“Henn “er 4 " ig ee ! j mrs , Fy 5 ‘ 
" iz . f a BS Ee 
5 a Aes = —— H " 
Ta Se a iol ah ae RL Lee 
ry 4 
fr 5 ee ee | 7 ' ny ie 7 i PRs iad d Pa y # 
a t 1 A oe + ee t Cs: ie. 
PY = ra he a U iad ie 1 i= 
>y F iF i rd Ve, red ‘ wl ; v oan Pi 
‘ " ry i ~ ni wm t a dea 
f RB 1 fo #. cae) Pg §, ' 
en ys f ies i Pim 
a = q = Ba Q 
® °3 Pe a a oR” , U if i v at 
a FAM H = a 
= F * iY bv 
oa Uy i , oe ray ic mee) 
. W . + ' 2 a | t 
ae? ee oo” =_ 
See} Pe ee al a Ame 
io i * : { ' » = 
r 7 1 
" i R i a ee 
, b | e i] : 1 ba -. 
< Stale nn | % a pre a Po 
) as 2 , a =, 2 Pe aetrae eS 2 
' Cy a 7 -. - a 
P : a , 7 weet very hog! in! 
z i i 7 ror | CE go eas ar 4 1 
an 4 Le J Cie a eed Att 
, f ey ot ir yee ¢ f lV : 
i hy Pa ate a A 
ao 3 y et ' 1 de ij 
ren 7 re Bee Ae Br gect 
F sal a fia) ‘s ov L = Ra “ws = die f* 
i Fe .s Fd 
3 F * Ries Je ea Pat ee. on 
bs if 4 an bad x FF bs 
‘ atu Sig 6 es ERE Rah 
aA » a hd kPa ks PD i a 
Rd ke orn i ea ees 
+ Heer n lige wk 
O isd 





rE katy 
3 
















UP tte 31553) 
re islet 
oh eos 
Vie 
‘ 
A 7 cs is i id 

% : H gl | i rity Pee 

cs “ oh =| m i ak Bau tet ry 

bh ices gm AP Spe Y 

sd Raitt wats 
en ee ead we ay ’ ae POSS ei 
nl ‘eH ‘i Bay Bone i eae) 
i) 7 
f “i Pes PEL 4 Be ae At agate 

PY Te ee . . 

Fr Ree Re Aga patsy er Gere 
OL al iF “9.5, Sie ea id Y Pe id ‘1 ioe ha 
" tt a ee fT ote PPC die 1 a A 

ay) 4 en | yas THe a, ; 
) Ra A Pb asd Paha, 

ae . 1 J . bbed' h'¢ 

" 1 Pee 
Ss aes 3 i ¢ 
i t a i oy 
ear! a: 
‘a ee 
rt a 


a 1 S| 
Li 
— - vA 2 ie, see Pe) 
‘ot iw wi ona Si oh tate estes Innate ad 
d " A etd ty 
i> Vege NT ? ye ae PY woh oa ie 
‘ es vs mit v7 nes au 
i bal ¥ 5 i 
re . " ; 
J 
th ¢ i] i - rn t 
13 | f 
t e iW ih 4 } 
yen A 
J es A i i 
Ae Bn oe 
D4 Ad» ie q | 
Cie eee | “ | tana 
4 | pan om bo 
PP i ee ee. a 
teen of ea t 
Tie PR) ue 
. . H i; a 
‘alte pa ‘ Oy , wi 
’ DA bs ifae E tat Ti 
AL’ Geom aL 








a 


a | ; 
al. PUR Tas ee 
Mf . * 

| ET eyes, & 
ve . 





> Ming — 
ea eRr seo 


ae ae 
Srp Me eae® oc 


A 
el ee at 


hus 


era aL 





NAVAL POSTGRADUATE SCHOOL 
Monterey, California 





THESIS 


BACKPROPAGATION NEURAL NETWORK FOR 
NOISE CANCELLATION APPLIED TO THE NUWES 
TEST RANGES 


by 


Charles H Wellington Jr. 


December 199] 


Thesis Advisor: Murali Tummala 





Approved for public release; distribution is unlimited. 


1259269 





BINCLASSIFIED 


SEGma TY C4557 cay Ot Ot - 6 PAGE 






Form Aprroved 
OMB No 0704 0188 


REPORT DOCUMENTATION PAGE 
“UNCLASSIFIED 


2a SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION TAVAILAB LITY OF REP OFT 
Approved for public release; 
distribution is unlimited 





BS Ee hese Ot OO WirGhADerG SGHEDULE 


G PERFORMING ORGANIZATION 


6a NAME OF PERFORMING ORGANIZATION F MBC Ja NAME OF MON TORING URGGON 747 Ul. 
(if applicable) 


Naval Postgraduate School EC Naval Postgraduate School 


6c ADDRESS (City, State, and ZIP Code) 70 ADDRESS (City State and ZIP Code) 


Monterey, California 93943-5000 Monterey, California 93943-5000 


Sa NAMIE OF FUTOING | SPONSORING BO OFFICE’ SymMmeaO 
ORGANIZATION (if applicable) 





&< ADDRESS (City, State, and ZIP Code) 


Sit e Wha’ : 
COs sit. Ne 


11 TITLE (Include Security Classification) 


Backpropagation Neural Network for Noise Cancellation Applied to the NUWES Test Ranges 


12 PERSONAL AUTHOR:S 


~ Charles H. Wellington Jr 


3am ee OF REPORT WE COVERED "4 DATE OF REFORT (Year Month Day) 


Thesis, M.S. 





ae a | December, 1991 
16 SUPPLEMENTARY NOTATION The views expressed in this thesis are those of the author and do not reflect 
the official policy or position of the Department of Defense or the U.S. Government. 


18 SUBJECT TeFMS (Continue on reverse if necessary and identity by Block number) 


Backpropagation neural networks 


This thesis investigates the application of backpropagation neural networks as an alternative to 
adaptive filtering at the NUWES test ranges. To facilitate the investigation. a model of the test range 
is developed. This model accounts for acoustic transmission losses, the effects of doppler shift, multrpafh. 
and finite propagation times delay. After describing the model, the backpropagation neural network 
algorithm and feature selection for the network are explained. Then, two schemes based on the 
network’s output, signal waveform recovery, and binary code recovery are applied to the model. 
Simulation results of the signal waveform recovery and direct code recovery schemes are presented 
for several scenarios. 


2OVDISTRIBUTION AVAILASB. TY OF ABSTRACT 27 ABSTRACT SECURIT 65 FICATION 
oie, asi POL ITED  [") SAere AS ROT MISTIC Users UNCLASSIFIED 
22a NANIE OF RESPONSIBLE IND VIDUAL ay Of ee 
Professor Murali Tummala 408-646-2645 
DD Form 1473, JUN 86 Previous editions are obsolete eee Gs CLA a iGe “Un er sree 
S/N 0102-LF-014-6603 UNCLASSIFIED 


1 


Approved for public release: distribution is unlimited 


BACKPROPAGATION NEURAL NETWORK FOR NOISE CANCELLATION 
APPLIED TO THE NUWES TEST RANGES 


by 
Charles hee aie 
Lieutenant, United States Navy 
B.S.E: 8, UblVerstey sore danio a loco 


Submitted in partial fulfillment 
of the requirements for the degree of 


MASTER OF SCIENCE IN ELECTRICAL ENGINEERING 
from the 


NAVAL POSTGRADUATE SCHOOL 
December ao oul 


ra: 


ABSTRACT 
This thesis investigates the application of backpropagation neural networks as an 
alternative to adaptive filtering at the NUWES test ranges. To facilitate the 
investigation, a model of the test range is developed. This model accounts for 
acoustic transmission losses, the effects of doppler shift, multipath, and _ finite 
propagation time delay. After describing the model, the backpropagation neural 
network algorithm and feature selection for the network are explained. Then, two 
schemes based on the network’s output, signal waveform recovery and binary code 
recovery, are applied to the model. Simulation results of the signal waveform 


recovery and direct code recovery schemes are presented for several scenarios. 


111 


TABLE OF CONTENTS 


I. -INTRODUGTION os... ee l 
A. OBJECTIVE 2. 2... . . Scere ee ee ] 

B.. ORGANIZATION o .«. ,.saeeegees ae core stesso l 

I. PROBLEM. DESGRIB TION piste 3 
Aw INGERODUCTIOMN, | ics: act) dl pare ure 3 

B. SIGNAL AND COUNTERMEASURE PARAMETERS ........ 3 

C.. RANGE. DESCRIPTION Faby e222 tere te esac ee 4 

D. SIGNAL MODEL. <1. ee 6 

l. Acoustic Lossést< 2.4 i422 cee ene oe y 

2. Doppler Effect os... sisendo0.40 2 cee ene... 9 

3.  _Multpatiies..--. s .ciegaie ee eer are es ee nc 10 

4. Hydrophone? iw. s<...5. sees ee 6 ene 10 

Il. BACKPROPAGATION “NEURAL NEPWORK «7 ae.). - ce le 
A. INFRODUCTION: Diesen eee 12 

B. BACKPROPAGATION 3S 1HEORY Vee ee eee 2 

C. <SOLOTION <x: empresa ao eee 18 


iv 


ie ese MONDE SNES! 2. ey ee ee es EN ee 20 


PORTO MIM ECO) RMN COUN cia a. ks SH Ay oe x See ak 20 
Bape ANID A Sees MMe 2m pci SW se eae ws OW ees 20 
Pe eiciay ay ClOnIIn KECOVELY Nan eh i Sea eet Sh Pw kel ca ea a 
PrmeeisinoGm@ode RECOVETY . 2... dee ees es ee ed se ae Ps 

Ce See NID KES iLnS: “Car eer ne ns ai eee ae eee wa 30 
pee CONCLUSIONS AND RECOMMENDATIONS... .5....20002.404. 36 
Fe OS TSO IN See eran tear ar ee enna anak a Reena ae raed at aed 36 
eee OV UNMIEIN DIREC SS? » i228 bumpers tits Weltis Sta AS tate tact a7 
elite NMS Nee Pre eee ee epiee enh 2 Qe cece ume ae eee adc 38 
Uae IN eae ener Ne ee ea aero went .4 aris ber io mig wea me ahaa OA 46 
PSST) ees ole le IN OES 9 western nae an henge yee he ts ee 66 
See Meme ro OING STS Pree, iene s kane Ses See 67 


LIST OF FIGURES 


2.1 Map showing array representation for Nanoose Range. A sensor platform 
is located at the center Of cach CinCle sy eae ee 
2.2 Hydrophone arrangement for sensor platforms at Nanoose Range ....... 
2.3 Acoustic paths from torpedo and countermeasure to sensor platform 
WyGrophones. «6. 5% op: eg el eee reer 
2.4 Frequency response of simulated hydrophone using a 12” order 
Butterworth Filter 52%. 6. is See 2 
2.5 Actual frequency response of hydrophones used at Nanoose Range ...... 
3.1 Perceptr@ineModeligeye teense scree gee 
3.2 Examples of nonlinear functions used to modify the output of a 
given processing clement 2... . z. <2 2 2 2 See ee 
3.3. Backpropagation Network with tnput, output and one hidden layer ...... 
3.4 Schematic diagram of general solution model”... a 
4.1 Model for direetsignal recovery in the bandpass tegien |) een eee 
4.2 (a) Signal input to the hydrophone and power spectrum. (b) Signal input to 
FFT and power spectrum. (c) Processed signal output and power 
SPCCtI ULTIMO. ne ne ca co bd: ieee ee 
4.3 Model for dinect code recovery in thesbandpass res1ony yee eee 


4.4 Network performance after each training stage for the Four Bit 


Vl 


DMiccmINccOVCly, INGUWODNG ra hues is Meh. = Goa ef aiur a ce aeS A Ww NS 25 


4.5 Multipath vs. Direct path propagation of Countermeasure noise ........ ay 
4.6 Monte Carlo simulations with various phase delays................ 29 
4.7 Model for direct code recovery in the baseband region. ............. 30 


4.8 Network performance after each training stage for the Four 
Bit Direct Recovery Network in the baseband region............... a2 
4.9 Doppler effects with sampling rate held constant ................. 33 


4.10 Doppler effects for constant four time oversampling rate............ 34 


Vil 





INTRODUCTION 


A. OBJECTIVE 

The Naval Undersea Warfare Engineering Station (NUWES) 1s currently 
conducting tests, at the Nanoose range, with torpedoes and_ broadband 
countermeasures. Prior to each test, a transponder is attached to the torpedo to 
transmit telemetry data during the test, which is then received by a set of 
hydrophones mounted on the ocean floor. The received signal is then processed by 
onshore computers located at Winchelsea Island Computer Center. However, noise 
from the broadband countermeasure interferes with the recovery of this information. 
This thesis investigates the use of neural networks to recover the signals emitted by 


the attached transponder tn broadband countermeasure noise. 


B. ORGANIZATION 

The thesis contains five chapters and two appendices. Chapter II presents a 
more detailed description of the problem and the test range currently in use. Model 
parameters used to model the signal, noise, and the range are also presented. 
Chapter III gives a brief explanation of the backpropagation neural network 
algorithm and presents a generalized solution. Chapter IV presents simulation 
results and specific details amplifying the general solution described in Chapter III. 


Chapter V contains conclusions and recommendations. Two appendices are also 


provided. Appendix A contains a listing of the programs used to generate training 
data sets and Monte Carlo simulations. Appendix B provides a listing of 


interconnection weights developed for one neural network. 


Il. PROBLEM DESCRIPTION 


A. INTRODUCTION 

In range testing the torpedo telemetry data, referred to as the tracking signal 
hereafter, 1s severely corrupted by the wideband countermeasure noise. 
Consequently the recovery of the tracking signal is very difficult, especially when the 
test vehicle is in close proximity to the countermeasure. NUWES 1s seeking efficient 
signal processing methods to improve reception of torpedo telemetry data. This 
research examines the performance of neural network algorithms, based on the well 
known backpropagation method, to extract the transmitted telemetry data from the 


received signal in the presence of broadband countermeasure noise. 


B. SIGNAL AND COUNTERMEASURE PARAMETERS 

A transponder is attached to the torpedo prior to range testing. The 
transponder transmits pulses at a frequency of 75 kHz in discrete time intervals. The 
entire torpedo telemetry code, which is in the binary form, consists of 48 bits; 19 bits 
used as an object identifier, 28 bits for data telemetry, and one parity bit. This 
information is modulated on to the 75 kHz carrier frequency using a binary phase 
shift keyed (BPSK) technique. Each bit occupies seven cycles of the 75 kHz carrier 


frequency. 


Ww 


For optimal signal recovery performance, the BPSK signal must be sent in an 
environment supporting direct path without strong reflected paths [Ref. 1]. Since 
reflected paths may occur during any test, they must be eliminated as much as 
possible. However, the telemetry information is transmitted at discrete time intervals 
and the reflected signal is typically received in an interval that does not overlap with 
the time interval in which the direct path signal is recovered. Thus, after receipt of 
the direct path signal, the subsequent reflected path signals can be identified and 
safely ignored. 

Countermeasure generated acoustic noise 1s constantly present at the receiver 
input and is the primary source of noise. The broadband countermeasure noise 1s 
modeled as gaussian white noise. Additional noise may arrive at the receiver from 
surface reflections when such reflections are supported by the acoustic environment. 
In addition, the Doppler shift created by movement of the torpedo affects the signal 


spectrum as a function of the relative motion between transmitter and receiver. 


C. RANGE DESCRIPTION 

Nanoose Range is a deep water range with hydrophone sensor platforms 
mounted on the bottom and spaced approximately 2000 yards apart. Figure 2.1 
shows the range array configuration. Overlapping coverage of sensor platforms 
allows continuous tracking of the torpedo. The range has a sandy bottom, thus 
reducing bottom bounce. Nanoose Range has been designed to use short baseline 


sensor platforms. Each sensor platform isa small array with four hydrophones spaced 
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Figure 2.1 Map showing array representation for Nanoose Range. A sensor 
platform is located at the center of each circle. 
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Figure 2.2 Hydrophone arrangement for sensor platforms at Nanoose Range. 


nine meters apart. Figure 2.2 shows the hydrophone arrangement for each sensor 
platform. Multiple hydrophones at each sensor permit vehicle tracking in three 
dimensions along with the reception of telemetry data. The BPSK signal is the 


primary method for transmitting telemetry data on the Nanoose Range. 


D. SIGNAL MODEL 

The torpedo or tracking signal carrying data 1s a 75 kHz BPSK waveform 
transmitted at discrete intervals of time where each pulse contains a 48 bit binary 
code. Each bit lasts 93 ys, resulting in a signal bandwidth of approximately 20 kHz. 


The telemetry signal in noise can be represented as 


20 
= 


Ss 





xX(n) = +A cos| + N(n) (24-3) 


where f, = 75 kHz is the carrier frequency, f, = 300 kHz is the sampling frequency, 
A is the magnitude of a square wave representing the binary code used 1n this study, 
and N(n) represents the additive countermeasure noise. Assumed ambient noise is 
typically at levels much less than that of the signal or countermeasure noise, and 1s 


not included in the model. 


1. Acoustic Losses 

The acoustic environment model used contains the following simplifying 
assumptions. First, sound propagation is approximated by Ray theory. Second, an 
Isospeed sound channel with a sound velocity c of 1500 m/s (4900 ft/s) allows both 
signal and noise to travel in straight line paths. Finally, no bottom reflection 1s 
allowed, since the sensor platform is mounted on the bottom. Surface reflection of 
both tracking signal and countermeasure noise are included in the model. However, 
multiple reflections from surface and bottom are not included. Figure 2.3 shows 
Several typical paths from the transmitter to the receiver based on the criteria above. 

Transmission losses occur from spreading and absorption of the signal. 
Spreading losses vary logarithmically with range [Ref. 9:pp.99-103] and absorption 
losses vary logarithmically with frequency [Ref. 10:p.100]. For a fixed frequency the 


absorption loss is linear. At frequencies above 10 kHz, the attenuation of signals due 
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Figure 2.3 Acoustic paths from torpedo and countermeasure to sensor platform 
hydrophones. 
to absorption becomes significant. Both these losses may be combined and 


represented as the transmission loss 


Mie= 20 leg, “we amas (2.2) 


where R is the range from the transmitter source to the receiver and a’ is the 
absorption coefficient. For the carrier frequency of 75 kHz, a’ is approximately 0.04 
[Ref 10]. Equation 2.2 shows that spreading losses dominate for a range of less than 
1000 yards and absorption losses dominate for R greater than 1000 yards. 

To simplify the simulation, the transmitted BPSK signal amplitude at the 
receiving hydrophone is assumed to have unit magnitude, t.e., A=+1. The Signal 


to Noise Ratio (SNR) is defined as 


Alsat (23) 


SNR = 10 1og,, 
G2 


where E[x*(n)] is signal power, and o is the countermeasure noise average power. 


2. Doppler Effect 
Since the transmitting torpedo is constantly moving and since ocean 
currents may cause movement in the countermeasure, doppler shift must be 
considered as the signal model is developed. The doppler change in frequency 


caused by torpedo motion 1s: 


Me Seo us (204) 


where vis relative velocity between the transmitter and receiving sensor platform, f 
is the operating frequency of the transmitter and cis the velocity of sound set at 4900 
ft/s (1500 m/s). For transmission purposes, during any given range test, c 1s 
considered constant. For a sound velocity of 4,900 ft/s and a carrier frequency of 
75 kHz, Equation (2.4) reduces to Af= +51.75 Hz/knot. 

Typical ocean currents at the Nanoose range appear to be five knots. This 
current changes the effective torpedo speed and also causes some movement of the 
countermeasure source platform. To facilitate examination of doppler effect, the 


maximum speed of the test torpedo is limited to fifty knots. Since the torpedo’s 


maximum operating speed is assumed to be much greater than the speed of existing 


ocean currents, the doppler shift from the countermeasure is neglected in this study. 


3. Multipath 
Signals arriving at a receiver array from multiple paths may have 
constructive or destructive interference. Since the hydrophones are bottom 
mounted, only the effects from surface reflections are considered here. Since an 
isospeed sound channel is assumed, arrivals via surface reflection are simply modeled 


as attenuated, time-delayed versions of the direct path waveforms. 


4. Hydrophone 
The hydrophone and preamplifier combination has a frequency response 
which is bandlimited and centered around 75kHz. This frequency response is 
simulated in the model by a 12” order Butterworth filter. Figure 2.4 shows the 
frequency response of the simulated hydrophone sensor while Figure 2.5 shows the 


actual frequency response. The two responses closely resemble each other. 
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Figure 2.4 Frequency response of simulated hydrophone using a 12” order 


Butterworth Filter. 
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Figure 2.5 Actual frequency response of hydrophones used at Nanoose Range. 
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Iii BACKPROPAGATION NEURAL NETWORK 


A. INTRODUCTION 

An algorithm for extracting a desired signal in noise can be viewed as one that 
recognizes a pattern or series of patterns corresponding to the signal and suppresses 
all undesired patterns, those corresponding to noise. Neural networks can be used 
for such applications. When neural networks are designed specifically for pattern 
recognition, they perform essentially the role of signal processors, 1.e.,they extract 
the desired signal from unwanted noise. Many types of neural network algorithms 
have been employed in various applications related to signal processing [Ref 2]. In 
one particular application, a radar signal 1s processed using a backpropagation neural 
network filter for more effective detection of targets in a low signal to noise 
environment [Ref. 3]. Similarly, effective signal detection was achieved in a passive 
sonar system through the use of the backpropagation neural network [Ref 4]. The 
backpropagation neural network has also been used to enhance the performance of 
a continuous phase modulated receiver in satellite communications [Ref 5]. 

The backpropagation network is currently the most popular algorithm employed 
in filtering applications. The structure of the backpropagation network can be 
compared to that of a transversal filter with the exception of the hidden layers and 
nonlinear nature of the output function [Ref. 6:p.337]. In this study the 
backpropagation algorithm was used for filtering out the countermeasure noise from 


the telemetry signal. 


B. BACKPROPAGATION THEORY 

The basic building block of a backpropagation neural network is a perceptron 
which is also referred to as a processing element or node in the following. Figure 
3.1 shows a model of the processing element used to form the backpropagation 


neural network. 


Fe 





Figure 3.1 Perceptron Model. 


In Figure 3.1, x, are the input samples, w, are the connection weights, and f(¥ w;x,) 
isanonlinear function. The operation of the processing element shown tn Figure 3.1 


can be mathematically stated as 


n Set 
yey pce aps va Se 
0 
where 
x = Xp DUN 2 x,] 
(3.2) 


w= ie Ww, Ww 


i 
pow, Woe Ww, 


are (n+1)X1 vectors of input data and connection weights, respectively. In. this 
implementation xX, is always equal to | and is called the bias input [Ref. 3:p.57}. 


Typical nonlinear functions, shown in Figure 3.2,are the binary, sigmoid, threshold- 


linear, and hyperbolic tangent [Ref. 7]. The hyperbolic tangent is used in this thesis 
because the inputs have both positive and negative values [Ref. 8]. 
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Figure 3.2 Examples of nonlinear functions used to modify the output of a given 
processing element. 

A multilayer perceptron structure is obtained by arranging the basic elements 
of Figure 3.1 into multiple layers with each layer containing several basic elements. 
The backpropagation network 1s realized when Rosenblatt’s back-propagated error 
correction method is used to update the connection weights [Ref. 7]. Figure 3.3 
shows a typical backpropagation network. | For clanty, only the connections from 
one node ina given layer to the next layer are shown. Backpropagation networks 
consist of an input layer, one or more hidden layers, and an output layer. Typically, 
a bias node is also included. In the input layer, each input node is connected to 
each first hidden layer node. The outputs of nodes in the first hidden layer are in 
turn provided as inputs to each node in the next layer. This process is repeated in 


each layer. Thus, Equation 3.1 may be rewnitten as follows 


N 
x =f Oy) = (5 Wo sv (3.3) 
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Figure 3.3 Backpropagation Network with input, output and one hidden layer. 


were / is the layer number, / is the /” element in the / layer, and 7 is the i” element 
in (/-1)" layer. The last layer produces the output. 

Two broad classes of backpropagation networks exist; the autoassociative 
network and the heteroassociative network. Both depend on the relation between 
the input vector x, and the output vector y, When x, equals y, the network is 
classified as an autoaSsociative network. This implies that both the input and output 
layer are of the same length. If the input and output layer are not the same length 
or if the elements in x, do not equal the elements in y,, then the network is classified 
as a heteroassociative network. [Ref. 6:p.80] 

Typically, backpropagation networks are trained off-line by the supervised 


training technique. In supervised training, the network is supplied with a sequence 


of correct input/output vector pairs (X,,¥,), (X2,¥), ... (x,y). The output of the 
network is compared with the desired output, and the error between them 1s used to 
update the connection weights to correct and match the desired output [Ref. 6:p.48]. 
A more detailed description of how the error 1s corrected during supervised training 
follows. 

The feedback lines, shown in Figure 3.3 as dashed lines, provide 
backpropagation of output errors to preceding layer nodes. These backpropagated 
error connections are used to update the weights of each node during training. The 
Widrow-Hoff learning law is used to update the weights here. The network is 
trained by randomly selecting one of the input vectors and processing the selected 
vector through the network. A comparison of the resulting network output with the 
desired output is then made. This error 1s used to adjust the connection weights in 
the feed forward path. Training is considered complete when the sum of squared 
errors or the cost function 


J = OS DRO > Ye (3.4) 


k 


Where YVogesireg IS the desired output and y,..,.,18 the actual output of the network, has 
been minimized. Since the cost function is a function of connection weights, the 
minimization 1§ accomplished by adjusting the weight vector, w,for each processing 
element in the layer. 

Following the gradient descent technique used in the Widrow-Hoff learning 


law, the gradient of J is obtained as 


T 
v Jw) = Slay ao ae SF (3.5) 
* bw, bw, bw, 


For a k™ processing element in the / layer, the backpropagated error is given by 
where f’(Yacuat) Indicates the first derivative Of f(Yscuas). The connection weights are 


then updated according to 
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6J b6J dy actual ii 


yi 
OW SVactualy OW i, (3.6) 


ie () desired, 7 Yactualy) f' (Yactuat,, 


new z old = (s-0) 


where a > 018 called the learning coefficient [Ref. 6:p.136]. 

The manner in which the training data was presented to the backpropagation 
network in this research is a variation of that used by Khontanzad, Lu, and Srinath 
[Ref. 4]. Here the training data is divided into several sets. Each set contains the 
same cases of the desired signal. Differences between the sets is based on the 
amount of noise added to the signal. Training is accomplished in the following 
manner: 

1. The network 1s first trained with the subset containing only examples of the 


ideal signal, 1.e., with no noise added, until the mean-square error reaches a 
minimum. 


2. The network is tested and results of the network performance are recorded. 


3. Training is continued using the training data set containing the signal with 
noise added to the desired signal. 


4. The network is tested again and the results of the network performance are 
recorded. The results are compared with the results from the previous testing 
cycle. If no improvement in the network performance has occurred. training 1s 
stopped. 


5. If the network performance has improved, steps 3 and 4 are repeated with 
more noise added to the signal, i.e.,at a lower SNR. 


i 


C. SOLUTION 

Figure 3.4 shows a generalized solution model used in this research. Following 
preprocessing of the received signal, distinguishing features of the signal are extracted 
and input to the neural network. The neural network then processes this data to 


extract the tracking signal from the noise and provides a relatively noise free output 


for further processing. 


PREPROCESSING 





Figure 3.4 Schematic diagram of general solution model. 


The features of the received signal used in this scheme in order to recover the 
tracking signal in noise are related to the power spectrum and are described in the 
next paragraph. An FFT algorithm is used for this purpose. The preprocessed data 
is sent to the FFT algorithm. The portion of the FFT samples containing the 


significant desired signal components of the BPSK spectral data is sent to the neural 


network. The output from the network is postprocessed for further refinement and 
analysis. 

Distinguishing transmitted binary sequences from their complement presents 
problems when detecting BPSK signals [Ref. ]1]. The magnitude of the FFT 1s 
identical for two BPSK signals whose zeros and ones are reversed. Thus both the 
real and imaginary components of the FFT samples are used to overcome this 
ambiguity. Since the hydrophone attenuates information outside its frequency range, 
only a portion of the FFT samples covering the bandpass region around f, with 
bandwidth equal to that of the tracking signal needs to be considered. For f,= 75 
kHz with a bandwidth of 20 kHz and a 84 point FFT, 12 samples centered about the 
carrier frequency are sufficient for this purpose. When the carrier frequency 1s 
removed by demodulation, the spectral content of the received signal is transformed 
to the baseband region. In this case the first 12 samples of the FFT are used as 
essential features of the signal. 

The amount of preprocessing required is dependent on the location of the 
neural network within the receiver, 1.e.,bandpass or baseband. Preprocessing may 
consist of simply sampling the signal directly from the hydrophone as in the bandpass 
case. More complex preprocessing may be needed, with the incoming signal 
undergoing several alterations prior to being sent to the FFT algorithm as in the 
baseband case. Postprocessing depends on the required form of the output of the 
network, i.e., whether the network is used to produce a waveform of the tracking 


signal or to detect its bit sequence. 
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IV. SIMULATION RESULTS 


A. INTRODUCTION 

Due to the lack of analytical methods to evaluate the performance of networks, 
neural network performance 1s obtained through experimentation. Two general 
solutions are examined here, recovery of the desired BPSK signal for further 
processing and direct recovery of the binary code. The network’s performance is 
examined in both the bandpass (with a carrier frequency of 75 kHz) and baseband 
regions. Performance of the network with different architectures, i.e., variations in 
the sizes of each of the hidden layers and output layer, is also evaluated. The 
Matlab package was used to implement both the pre- and postprocessing blocks of 
Figure 3.4 and the network is implemented using the Neuralware Professional 


Software Package [Ref. 8]. 


B. BANDPASS RESULTS 

Two different neural network realizations are used to simulate the bandpass 
scheme. These are termed signal waveform recovery and binary code recovery. In 
the former, the desired output of the network is a relatively noise free BPSK signal. 
In the latter, the network output is the actual binary sequence. The architecture of 


the network used in each case is represented by the set of numbers n,-n,-n,-n,, where 


n, is the number of input data samples, n, and n, represent the number of processing 


elements in the two hidden layers, and n, is the number of output elements. 


1. Signal Waveform Recovery 

In this realization a 24-36-18-24 architecture 1s used for the network. This 
simulation examines the backpropagation algorithm’s ability to filter the 
countermeasure noise from the received signal. Synchronization of the transmission 
time between the transmitter and the Nanoose range onshore processors is assumed 
to detect the start of the received noisy BPSK signal. Figure 4.1 shows a schematic 
diagram of this simulation. The received signal samples are placed in a buffer until 
84 samples are collected. A 300 kHz sampling rate for f,=75 kHz is used which 
corresponds to 28 samples per bit. Thus, with an 84-point FFT, three bits worth of 


signal waveform 1s filtered simultaneously. 


_~oeeegee HY DROPHONE ar eer NETWORK 
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Figure 4.1 Model for direct signal recovery in the bandpass region. 


Training was conducted in stages as detailed in section B of Chapter III. 
The training data set contained all of the possible combinations representing the 
binary code for three bits with the SNRs of o dB (no noise), 5 dB, 0 dB, and -5 dB. 
Since the noise is white, three training examples using different random sequences 
of the noise are used. During each stage only the direct path noise from the 
countermeasure to the hydrophone 1s considered. 

Figure 4.2 shows an example of the filtering performed by this neural 
network. The signal represents a binary code of 1 0 0 with countermeasure noise 
added at an SNR of OdB. Figure 4.2a shows the signal received by the hydrophone. 
Figure 4.2b shows the signal received at the output of the hydrophone. Finally, 
Figure 4.2c shows the inverse FFT of the signal after it has been processed by the 
neural network. This signal 1s presented for decoding. 

The results of testing showed that the neural net could recover the signal 
at SNRs down to 0 dB. At SNRs lower than O dB, this network was not able to 
extract the BPSK signal accurately. A method for direct recovery of the binary code 


is examined next. 


2. Binary Code Recovery 
In the foregoing method, further processing is required to obtain the 
Output in the binary form. Figure 4.3 shows the block diagram of the binary code 
recovery scheme. The neural network is configured as shown in Table 4.1. Note the 


differences in the number of nodes in each layer. 
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Figure 4.2 (a) Signal input to the hydrophone and power spectrum. (b) Signal input 
to FFT and power spectrum. (c) Processed signal output and power spectrum. 
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Figure 4.3 Model for direct code recovery in the bandpass region. 


TABLE 4.1 


Number of Recovered Bits Number of Nodes per Layer 


2 24-16-8-2 
3 24-18-9-3 


SS SS ee ee eee 

| 4 | 24-18-12-4 | 
A series of four Monte Carlo simulations were conducted on each of the 

three neural network configurations to test direct recovery of binary code. The four 

simulations examined the network’s performance in the following areas: direct path 

noise only, multipath noise, variations in the network architecture, and consistent 

doppler effects. In each simulation a fixed 48 bit code was used and the SNR level 


was varied every 5 dB, from 10 to -20. At each SNR 100 different noise realizations 
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were used to carry out a Monte Carlo simulation. Although three networks were 
evaluated with the Monte Carlo simulation, results of a single network, the 4 bit 
recovery network, are detailed below. 

The first Monte Carlo simulation examined the network performance after 
successive stages of training at oo dB, 5 dB, 0 dB, and -5 dB SNRs was completed. 
The noise model used was the direct path model. Figure 4.4 shows the neural 
network performance after each stage of training has been completed. After each 
Stage the network performance improved. This improvement is attributed to 
continuously training the neural network to noisy examples of the signal. When 
trained with a data set at a SNR’ of -10 dB, however, the performance became 
worse. (For the 2 and 3 bit cases this degradation occurred at -5 dB.) 

The second Monte Carlo simulation examined the network, trained in the 
first simulation, when the countermeasure noise arrived from both direct path and 
surface reflection. Figure 4.5 shows the results with the network trained to -5 dB. 
The results from the first simulation after the network was trained are also shown for 
comparison. Performance for each case is almost identical. 

The third test was an entire series of Monte Carlo simulations. These 
simulations studied the performance trends when the hidden layers are altered in 
size. These results, which are presented in Table 4.2 below, represent the estimated 
probability of bit error for the 48-bit binary code sequence. 

Holding the number of nodes in the second hidden layer constant and 


increasing the number of nodes in hidden layer one, degraded the performance of 
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Figure 4.4 Network performance after each training stage for the Four Bit Direct 
Recovery Network. 
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Figure 4.5 Multipath vs. Direct path propagation of Countermeasure noise. 
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the network. With the number of nodes in the first layer constant. increasing the 


number of in the second layer from the original 12 nodes improved the performance 


of the network. 


The fourth Monte Carlo simulation in the bandpass region concerned the 


effect of doppler shift on the neural network’s performance. The network failed this 
simulation. To help determine the cause of this failure, a carrier phase offset was 
added to the signal model. Figure 4.6shows the results of this simulation for various 
phase offsets. Note that as the phase offset increases the performance of the 
network degrades. 

The direct binary code recovery scheme produced much better results 
than the signal recovery method, discussed earlier. The presence of multipath 


countermeasure noise did not severely affect the performance of the network. The 
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Figure 4.6 Monte Carlo simulations with various phase delays. 
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major disadvantage is the sensitivity of the network to changes in phase. Doppler 
shifts of the signal alter both frequency and phase of the spectral information 


degrading recovery of the signal. 


C. BASEBAND RESULTS 

Figure 4.7 shows the block diagram for the baseband scheme for direct recovery 
of binary code. The lowpass filter is required to eliminate the unwanted high 
frequency components after the received signal is multiplied by the local reference 
carrier. The input to the neural network now consists of the first 12 complex samples 
of the FFT. Only the results from Monte Carlo simulations corresponding to the first 
and fourth Monte Carlo simulations of the bandpass case discussed in section B are 
presented. Performance of the three networks were once again consistent with each 


other, therefore only the 4 bit recovery results are presented here. 
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Figure 4.7 Model for direct code recovery in the baseband region. 
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The first baseband Monte Carlo simulation tested the performance of the 
baseband 4-bit neural network after each stage of training. Figure 4.8 shows the 
Monte Carlo response after each stage of training. Once again the introduction of 
noisy signal examples helped to train the neural network more effectively. 

The fourth baseband Monte Carlo simulation examined the effect of doppler 
on the 4-bit recovery network. This simulation used the trained neural network from 
the first simulation and two Monte Carlo simulations were conducted using two 
different sampling rates. In both simulations a phase lock loop was assumed 
incorporated as part of the demodulating scheme to determine the local oscillator 
frequency. It was assumed that the phase lock loop was locked on to the signal 
providing accurate demodulation of the signal. Sampling was conducted at a constant 
300 kHz for one simulation and was varied to maintain a four times oversampling in 
the second data set. Figure 4.9 shows the results for the constant sampling rate at 
300 kHz. Note that the network handled the doppler effects, but the increase in the 
doppler shift resulted in increased bit errors. 

Figure 4.10 shows the results with a constant sampling rate of four times the 
frequency of the local oscillator controlled by the phase locked loop. The advantage 
of using a coherent detection scheme to directly recover the code is that doppler 
effects are minimized. Additionally all the advantages of direct code recovery still 
apply when in the bandpass region. The disadvantages are that the phase lock loop 
must be able to capture and lock on to the incoming signal carrier frequency in spite 


of the noise, otherwise the signal can not be recovered accurately. The second 
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Figure 4.8 Network performance after each training stage for the Four Bit Direct 
Recovery Network in the baseband region. 
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Figure 4.9 Doppler effects with sampling rate held constant. 
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Figure 4.10 Doppler effects for constant four time oversampling rate. 
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disadvantage is that to eliminate the doppler effects a variable sampling frequency 
must be employed. While easy to do in a computer simulation, physically this is not 


easily implemented. 


V. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 

The problem addressed in this thesis was to recover torpedo telemetry data 
masked by an acoustic broadband countermeasure. Several neural networks 
employing the backpropagation algorithm were examined for this purpose. Of those 
examined the recommended network is the four bit direct code recovery network, 
developed for the baseband region. 

Several simulation results were obtained. The most tmportant result 1s that 
direct code recovery 1s feasible using spectral feature information. Successful 
recovery of the binary code is possible with SNRs of approximately -10 dB or higher. 
For lower SNRs (< -10 dB) the performance falls off rapidly. Additionally, the 
neural network performance is nearly the same for direct path and multi-path noise 
environments considered in this work. 

The largest problem encountered with this approach 1s the phase sensitivity of 
the neural network. Demodulating the srgnal to the baseband region will decrease 
this sensitivity, but a phase locked loop ts required for accurate demodulation. To 
completely eliminate the phase sensitivity caused by doppler effects, a variable 


sampling rate scheme ts proposed. 
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B. RECOMMENDATIONS 

This research examined only one possible input feature selection of the signal. 
Other feature selections should be examined. One such feature selection could be 
the autocorrelation of the signal. 

The acoustic environment model used is a simplistic model. In an actual 
implementation, the acoustic environment constantly changes, thus making off-line 
training less practical. Since the object identity code part of the bit sequence 1s 
known a priori, this sequence could be exploited to train the network on-line to 


adapt to the existing acoustic conditions. 
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APPENDIX A. 


function[xn,t,bits]=wavecode(code,c) 


This program generates a waveform for sampling. 


the generated waveform 

the time index 

the six digit binary code sequence 
ie. [ 180) 1. 1en0] 

the freq of the wave 

the sampling freq 

the code expanded into each sample 
the bit numbers for the x axis 

the number of bits in the code 


freq of the waveform 


tsamples per cycle 
sampling rate 

number of cycles per bit 
number of blocks of code 
$time for one bit 


* {[xn,t] = wavecode (code,c) 
% 

% 

% 

% xm = 
% t = 
% code = 
% 

% f§ = 
% fs = 
% cd = 
% bits = 
% c = 
f=75000; 

s=4; 

fs=s*f; 

cpb=7; 

b=3; 

T=cpb/f; 


t=0:c*cpb*b*s-1; 
t=t/fs; 
bits=1:c*cpb*b*s; 


% number of samples 
% the sample times 


bits=(bits./(s*cpb))+1; % the bits index 


% build up the code to the samples per bit 


for n =1:length(code) 
for m=1:s*cpb 
cd=[(cd code(n)]; 
end 
end 


a=), 


for x=l1:b 
a=(a cd); 
end 


for n=1: length (a) 
if a(n) ==0 
a(n) =— 1; 
end 
end 


xn=a .* cos(2*pi*f*t) ; 


stcpb is the samples per bit 
This expands the code so each code digit i 
the same for the length of a bit 


df dP dP 


% build the code for the entire sequence 
% where b is the number of blocks of data 


+ the waveform 
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% Datagen84.m generates training sets to train a neural network 

tto recover the FFT components of BPSK signal, filtering unwanted 
tnoise components. The signal waveform for three bits of the binary 
$code is used for the FFT. 


numbin=84; 
load code3bit; 
wn=(65e3 85e3)/((75e3%*4) /2) ; 
[b,a)=butter(6,wn); 
temp1=49; 
temp2=132; 
rand(’normal’); 
rand(’seed’,5); 
for 1=1:4 
aB=5; 
for k=1:32 
Noiseamp=(1/sqrt(2) ) *10*(-dB/20) ; 
[ideal signal, time])=wavecode (code3bit(k,:),5); 
Noise=rand(time) ; 
signal=ideal_signal+Noiseamp*Noise; 
filtered signal=filter(b,a,signal) ; 
mdeal fil _signal=filter(b,a,ideal_ signal) ; 
y2= =fft(filtered_ signal(temp1: temp2) ,numbin) ; 
y3=fft(signal(temp1:temp2) ,numbin) ; 
data=[0 0;0 0); 
y4=(y2;y3]; 
mor j=1:12 
data=(data real(y4(:,(j+16))) imag(y4(:,(j3+16)))J]; 
end; 
et k == 
magdat= fdata(: eo) o la, 
else 
magdat=[magdat;data(:,3:26)] ; 
end; 
end; 
if 1l== 
training data=magdat; 
else 
training data=[(training data; magdat]; 
end; 
end; 
(R C)=size(training data); 
for n=1:R i? 
Ber k=1:C 
if abs(training data(n,k))<le-4 
Enainung data(n,k)—0.0; 
end; 

end; 
end; 
Save bpdat.nna training data /ascii; 
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% Datagenbitcomp.m generates the training sets used in training 
neural networks to recover a BPSK signal in noise. To obtain the 
tideal BPSK signal the FFT of the ideal signal is used. To obtain 
$data sets of the ideal BPSK signal with noise the variable signal 
% or lpfsignal are used. The SNR level is controlled by setting 
tthe dB level. The portion of the FFT containing the BPSK spectral 
tinformation is placed in a file with the corresponding binary code 
sequence to train the neural network. 


numbin=112; 

load code2bit.mat; Load binary code training sets 
load code3bit.mat; 

load code4bit.mat; 


wn=(65e3 85e3}/((75e3*4) /2); *Hydrophone model 
[b,a}=butter(6,wn); 

bb=fir1(40,10e3/150e3) ; Low pass filter 
temp1=41; 

temp2=124; 


rand(‘’normal’); 
rand(’seed’,20); 


for 1=1:4 

aB=5; *Set SNR level 

for k=1:64 *Loop for 4 bit code generation. 
Noiseamp=(1/sqrt(2) ) *10* (-dB/20) ; 

[ideal signal,time]=wavecode(code4bit(k,:) ,6); 


Noise=rand(time) ; 

Signal=ideal_ signal+Noiseamp*Noise; 

filtered signal=filter(b,a,signal) ; 

ideal fil signal=filter(b,a,ideal signal); 

mod signal=filtered signai.*cos(150e3*pi*time) ; 
Ipf signal=filter(bb,1,mod signal) ; 
y2=fft(filtered signal( 49:160),numbin) ; 
y3=f£ft(lpt signal (69: 180) (numbin): 

data2=(0 0); 

datas=Ono1 


fOr j—=i1. 72 

data2=(data2 real(y2(:,(j+23))) imag(y2(:,(j+23)))); 
data3=(data3 real(y3(:,(j+0))) imag(y3(:,(j+0)))}; 
end; 

if k == 


magdat2=(data2(:,3:26) code4bit(k,2:5)]; 
magdat3=([data3(:,3:26) code4bit(k,2:5)]; 

else 

magdat2=[magdat2;data2(:,3:26) code4bit(k,2:5) ); 
magdat3=(magdat3;data3(:,3:26) code4bit(k,2:5) }; 
end; 

end; 


if 1==1 

training data2=magdat2; 

training data3=magdat3; 

else 

training data2=(training data2; magdat2}; 
training data3=(training data3; magdat3]; 
end; 

end; 

(R C)=size(training data2) ; 

fOr h=lak 

fOonek otc 40 


end; 


end; 
(R C]=size(training dataS5) ; 
fOr n=1:R 
for k=1:C 
iieans (traiming datad(n,k))<le=4 
training data5(n,k)=0.0; 
end; 
end; 
end; 


save bittrdat3.nna training data4 /ascii; 
Save bb3bittrdat.nna training dataS /ascii; 


numbin=56; 

rand(’seed’ ,20); 

for 1=1:4 

aB=5; Loop for 2 bit code generation 
for k=1:16 

Noiseamp=(1/sqrt(2))*10*(-dB/20); 

[ideal signal,time]=wavecode(code2bit(k,:),4); 

Noise=rand (time) ; 

signal=ideal_ signal+Noiseamp*Noise; 

filtered signal=filter(b,a,signal) ; 

mdeal fil _Signal=filter(b,a,ideal signal); 

mod _signal= filtered signal. +cos (150e3*pi*time) ; 

lpf signal= filter(bb,1,mod _signal); 

y6= fft (ideal fil signal(49: 104) ,numbin) ; 
y7=fft(lpf signal (69:124) ,numbin) ; 

data6=(0 0); 

data7=(0 0); 

for j=1:12 

data6=(data6 real(y6(:,(j+8))) imag(y6(:, (j3+8) 
Gata7=(dcta7 real(y7(:,(j+0))) imag(y7(:,(j3+0) 
end; 

if k == 

magdat6=(data6(:,3:26) code2bit(k,2:3) J; 
magdat7=(data7(:,3:26) code2bit(k,2:3)]); 

else 

magdat6=([magdat6;data6(:,3:26) code2bit(k,2:3)]; 
magdat7=(magdat7 ;data7(:,3:26) code2bit(k,2:3)]; 
end; 

end; 

if 1l== 

training data6é=magdaté6; 

training data7=magdat7; 

else 

training data6=(training data6; magdaté6]; 
training data7=(training data7; magdat7]; 


Pale 
I); 


end; 
end; 
(R C}=size(training data7) ; 
for n=1:R 
for k=1:C 
if abs(training data7(n,k))<1le-4 
training data7(n,k)=0.0; 
end; 
end; 
end; 


(R CJ=size(training data7) ; 
for n=1:R 4} 


for K-=i2¢ 
if abs(training_data7(n,k))<le-4 
training data7(n,k)=0.0; 
end; 
end; 
end; 
Save bittrdat2.nna training data6é /ascii; 
save bb2bittrdat.nna training data7 /ascili 
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function(xn,t]=montewavecode (code) 


$ (xn,t) = wavecode (code) 

$ 

% This program generates a waveform for sampling. 
% 

$ xn = the generated waveform 

% t = the time index 

$ code = the six digit binary code sequence 
% ieee Oe elen nt) 20) 

$ f = the freg of the wave 

% fs = the sampling freg 

% cd = the code expanded into each sample 
% bits = the bit numbers for the x axis 
f=75000; freq of the waveform 

s=4; samples per cycle 

fs=s*f; sampling rate 

c=48; number of bits in the code 
cpb=7,; number of cycles per bit 
b=1; number of blocks of code 
T=cpb/f; $time for one bit 


t=0:c*cpb*b*s-1; 
t=t/fs; 
bits=l:c*cpb*b*s; 


+ number of samples 
%* the sample times 


bits=(bits./(s*cpb))+1; % the bits index 


%* build up the code to the samples per bit 


for n =1:length(code) 


for m=1:s*cpb 


cd=(cd code(n)]}; 


end 
end 


B—([); 

for x=1:b 
a=(a cd); 

end 


for n=1:length(a) 


s*cpb is the samples per bit 
This expands the code so each code digit is 
the same for the length of a bit 


JP dP dP 


%¢ build the code for the entire sequence 
% where b is the number of blocks of data 


1f a(n)== 
a(n)=-1; 
end 
end 
xn=a .* cos(2*pix*f*t) ; % the waveform 
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% This program generates test data for Monte Carlo simulations. 

$Data sets for recovering 2, 3, and 4 bits are generated. Direct path 
tand milti-path noise models may be used. The undesired model must 
tbe commented out (%). For schemes involving the bandpass region 

tthe FFT of hydrosignal is used and for the baseband region lpfsignal 
tis used. 


% 

% 

load montecode; $ Loads a 48 bit binary code of 1 & 0 from a 
aB=-20:5:10; file called montecode. 
(dessignal,time]=montewavecode(montecode); *%Generates BPSK signal. 
rand(’normal’); 

wn=(65e3 85e3)]/150e3; + Hydrophone Model 


[b,aJ=butter(6,wn) ; 
bb=fir1(40,10e3/150e3); % Low Pass Filter 
for k=1:7 
GB (k) 
NoiseAmp=(1/sqrt(2))*10*(-dB(k) /20) ; 
for m=1:25 
rand(’seed’ ,m); 
temp1=41; 
temp2=96; 
Noise=rand(time) ; *White noise; direct path. 
signal= dessignal + NoiseAmp*Noise; 
tNoise=NoiseAmp*rand(({time time)); White noise; multi-path. 
$(r,c]=size(({time time)); 
A=0.9; 
$B=sqrt(1-(A*2)); 
$DirectNoise=A*Noise(1:c/2) ; 
Ref lectedNoise=B*Noise((c/2)+1:c) ; 
$signal=dessignal + DirectNoise + ReflectedNoise; 


hydrosignal=filter(b,a,signal) ; Bandpass region 
modsignal=hydrosignal.*cos(2*78e3*pi*time) ; +Demodulater 
lpfsignal=filter(bb,1,modsignal) ; Baseband region 
for j=) 224 Two Bit 

y=fft(lpfsignal(templ:temp2) ,56); 

data=(0 0]; 

for n=1:12 


Gata=[(data real(y(n+0)) imag(y(n+0))]; 
end; 
if j==1 & k==1 & m ==1 
twobit=data(3:26) ; 
else 
twobit=[(twobit: data(3:26)]; 
end; 
templ=temp2+1; 
temp2=temp1+55; 
end; 
temp1=41; 
temp2=124; 
for j=1:16 $3 Bit 
y=fft(lpfsignal(templ:temp2) ,84); 
data=[(0 0]; 
for n=1:12 
data=(data real(y(n+0)) imag(y(n+0))]; 
end; 
if j==1 & k==1 & m == 
threebit=data(3:26) ; 
else 44 


end; 
end; 
save 


save 
save 


threebit=(threebit;data(3:26) ]; 
end; 
templ=temp2+1; 
temp2=temp1+83; 


end; 
temp1=41; 
temp2=152; 
for jJ=1:12 $4 Bit 
y=fft(lpfsignal(templ:temp2) ,112) ; 
data=(0 0}; 
tOmesn— 1. 12 
data=(data real(y(n+0O)) imag(y(nt+0O)) ]; 
end; 
ieeg=—1 6 k==1 bo n=— 
fourbit=data(3:26) ; 
else 
fourbit=(fourbit;data(3:26) ); 
end; 
templ=temp2t+1; 
temp2=temp1+111; 
end; 


bmtst2.nna twobit /ascii; 
bmtst3.nna threebit /ascii; 
bmtst4.nna fourbit /ascili; 
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APPENDIX B. 


Title: Baseband 4 Bit Recover Code Network 
Display Mode: Network Type: Hetero-Associative 
Display Style: baseband4bit 
Control Strategy: backprop L/R Schedule: backprop 
36000 Learn 0 Recall O Layer 
64 Aux 1 O Aux az O Aux 3 
L/R Schedule: backprop 
Recall Step 1 0 0 0 0 
Input Clamp 0.0000 0.0000 0.0000 0.0000 0.0000 
Firing Density 100.0000 0.0000 0.0000 0.0000 0.0000 
Temperature 0.0000 0.0000 0.0000 0.0000 0.0000 
Gain 1.0000 0.0000 0.0000 0.0000 0.0000 
Gain 1.0000 0.0000 0.0000 0.0000 0.0000 
Learn Step 5000 0 0 0 0 
Coefficient 1 0.9000 0.0000 0.0000 0.0000 0.0000 
Coefficient 2 0.6000 0.0000 0.0000 0.0000 0.0000 
Coefficient 3 0.0000 0.0000 0.0000 0.0000 0. 0OGU 
Temperature 0.0000 0.0000 020000 0.0000 0.0000 
IO Parameters 
Learn Data: File Rand. (bbfourbittrdatn5) Load 
Recall Data: File Seq. (bmtst4) 
Result File: Desired Output, Output 
UserIO Program: userio 
I/P Ranges: =), V000; 1.0000 
O/P Ranges: 0.00007 1.0000 
I/P Start Col: 1 MinMax Table: bb4bit 
O/P Start Col: 25 Number of Entries: 28 
MinMax Table <bb4bit>: 
Col: 2 2 a 4 2 6 
Min: =73.60726 0.0000 -41.7620 -50.3426 “17.4389 - 36.9299 
Max: Sls35 0 43.71 47.82 183 352 45.52 
Col: 7g 8 9 10 aol 12 
Min: — eo o 7a =18 31307 S202 -8.7769 -2.6629 -4.9957 
Max: 15.97 Loa 6.603 S7366 3.26 Siva 
Col: is 14 1S 16 ay 18 
Maen +1259 83 = 37457 -1.1476 =3. 1462 =O 9 1.26 ~2n i222 
Max: Lea 4.394 L226 3.69 0.9681 3.176 
Cole 19 ’ 20 21 22 2a 24 
Min: =0. 8200 -2.4128 -0.7747 = 2). 5625 =O0% /3 51 ~1 9560 
Max: 0.8542 2.791 0.8089 25501. 0.7762 23204 
Gol: 25 26 Z7 28 
Man: 0.0000 0.0000 0.0000 0.0000 
Max: 1 1 al 1 
Layer: 1 
PES: 1 Wgt Fields: 2 Sum: Sum 
Spacmig-a > F' offset: 0.00 Transfer: Linear 
Shape: Square Output: Direct 
Scale: 1.00 Low Limit: -9999.00 Error Func: standard 
Offset: 0.00 High Limit: 9999.00 Learn: --None-- 
Init Low: —-On200 Init High: 0.100 L/R Schedule: (Network) 
Winner 1: None Winner 2: None 
PE: Bias 
1.000 Err Factor 0.000 Desired 
0.000 Sum 1.000 Transfer 1.000 Output 
O Weights =5 5. 900 EE rer 0.000 Current Erre: 
Layer =n 46 
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Norm-Cum-Delta 


hiddenl 
None 


Recall Step 


Input Clamp 0.0000 
Piring Density 100.0000 
Temperature 0.0000 
Gain 1.0000 
Gain 1.0000 
Learn Step 10000 
Coefficient l 0.3000 
Coefficient 2 0.4000 
Coefficient 3 O21 008 
femperature 0.0000 
PE: 26 

mO00 Err Factor 0 
=O.177 Sum Oe 
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0.0000 0.0000 
30000 70000 
O22 560 OF 0375 
OF 2000 0.0500 
0, L000 0.1000 
0.0000 0.0000 
.000 Desired 
175 Transfer =() 
OGO SE rrOor 0 
Type Delta Weight 
Var +0 .0002 =O.0013 
VG =0. 0002 TO,O0us 
i= is +0 .0000 +O 70000 
Ver =0. 0000 Oe 000.1 
Ver = <O000 -—O2000Z2 
Vor =0 0000 +0) .0007 
Ver -0 0000 -0.0004 
Ver +o) 000i =—On0C0 tl 
VG +O, 0001 =9 0001 
Wire Oo. O00 —0 0003 
ite +0.0002 =OeoOu OZ 
eis +O 0001 =O. 0000 
Ver OO On =—O0 C01 
Vee 70.000 1) +O 20000 
V=r +0.0001 =O) 0100 2 
Vets +0.0001 +0 20001 
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ae O40 Ol +0 20000 
Ver +0 70000 TOnOOes 


0 0 
0.0000 0.0000 
0.0000 0.0000 
OZC000 00000 
0.0000 0.0000 
0.0000 0.0000 
150000 310000 
OF 00Z3 0.0000 
020031 0.0000 
0.1000 0.1000 
0.0000 0.0000 

a> Cur pUut 


(Oa Currenke Brror 


262 Output 
pol? Curren: -Brror 


INPUG TEE 


PE: 


Bias 


Dac 
= Ore 


input PE 


Bias 


Z 
5 
4 
> 
6 


OO 
62 
25 


=—0,0002 +O. 0265 
—O25 26 +O. 2451 
=O 1955 aOR Ors 7 
=Oeo.3 1 = Ore O' 2 
—On 2101 -0.0475 
mol 2 7 O20 278 
wre 249 =0.0845 
ql Osrepe, =—Onr20S 
saOneo oo 7 O07 612 
=O 70348 an Ol Uispeis! 
-0.2234 =O 10 2 
—O2Ol2 9 +0.0463 
wOn 2243 =02,0G915 
+0.0049 = 201655 
=0e2255 -0.0094 
Err aceon 

Sum ae 
Weights 

Input Value Weight 
+1 OCO0 ae. O01 1:3 
FORO O 7 2 mes 2532 
+0.0000 moO .O08 76 
+O) aes) =0.4193 
aU 203 =Ou.3024 
=O7 2611 -0.0451 
+0.0474 fees JOS 
—O7 coda: 0146 1 
O50 50 O24 52 
=O 067 1 +0.2098 
=050062 Oe O26 4 
—Oe2a26 -0.0841 
a0 O55 +0. 0920 
=0-1632 TO G6 7) 
=07 2101 Oe eo 
One 27 =O 009 
=O,22495 taOeeaed. |) J: 
SO. CGS” =O ao 7) 
=O 225 7 Uk OS 
-0.0348 me Or 18 
—0..2234 =O. O3 50 
mee 1,20 =O eal on 
=O 2243 OO aoe 
+0.0049 SC LOGg 
moO. 2293 =O..06 18 
Pierac tor 

Sum ao 
Weights 

Input Value Weight 
+1 OOOO +0.0644 
+TOn0o7 2 mee 40 
+0 30000 BO. 0526 
Oe 37 -0.4824 
=O 03 Tmo 2 © 
— Cree onal: ae o419 


G. 


OF 


OF 


Cr 


VG +0.0002 +0, 
V=r +0.0001 Or 
V2 +0.0002 Ce 
V2 —O- 0000 Oe 
ie +0.0002 pole 
Vai +0.0000 Or 
v= +0.0002 +O" 
V=5 — (01818) 616, +0. 
Vor +0.0002 +0. 
v= =O20000 On 
Wc +0.0002 70 
We ie —O-OO0U =a: 
Ves +0.0001 Or 
Vo =O 20001 =O. 
ate +6- 0001 Oe 
000 Desired 

O87 Transfer 
CUCeErren 

Type Delta Weight 
Ver =(0 000s +0. 
Vai —0, 0001 =O%, 
V5 + O20 000 +0. 
VeE +0.0001 +O. 
Ver =), 0001 ae 
v=o +0.0001 =O: 
Ver +0 .0001 +0. 
Ve +O. OGD0 =e, 
Ve =0:,0002 =O. 
Var =  00OG i Oe 
Vas =0..0003 =—Ox 
Va +0.0000 =O), 
Ver =9 0002 =O% 
Vi +O. OUUl =Or: 
Ver -0.0002 On 
Ver +0 0001 mor 
Ver =—0 0067 =O. 
V=E +0. 0001 =; 
Ve. =O: 0002 =0% 
VS +0) OG ll =O 
Vp =0 0002 =Ok 
V=E +0.0001 SO 
Vet =0.,000 2 =O 
Ver +02 0002 =O. 
Vie =O00G2 =O), 
000 Desired 

.161 Transfer 

O00 Error 

Type Delta Weight 
V=rE =0'.0006 =0 2 
V=r =O. 0003 =O 
Ve +0.0000 +0. 
Vein +0.0001 =O8 
Va —0 0002 Oe 
Ver +0.0001 +e 


50 


087 Outrpur 
.006 Current Error 


OIRO ME Due 
O20" Current Erren 


PE: 


2D 
30 
aw) 
Ore 


Input PE 


PE: 


Bias 


OMAIHNDUNS WH 


000 
mee L330 


Input PE 


Bias 
2 


00 
B35 
25 


ZO 


+0.0474 oe 209 
10) Aulisdla! +0.0419 
+0.0050 +0.1004 
=0' 067 1 +0.0505 
= Oi 0 OG 2 Opes Oe 
=O 326 O20 7 
=0% 1955 +0.4118 
=O hot On 2 e4 
=O. 2102 sO 070 
=Or bay +0.1414 
—Oae2a9 jee 2o 2 
=O vie oo FOmO259 
One wo = 10). EIS 
-0.0348 =) OG 5.0 
= Om 2254 +0.0479 
Orne mo. OOo 
sOe2 243 +0.0646 
OOO 4 2 TOMO OB 
S023 aU OBS 
Piiegeac tom O 
Sum 0 
Weights 0 
Input Value Weight 
alo © OO -0.0744 
OOo 2 +06 242 
+0. 0000 Om 
TOO Sa. + OO Ub 7 
Orel Z03 029707 
miOre2 © 11 -0.1894 
+0.0474 TOE S32 1 
=O G6 AL mon 24 S 2 
+0.0050 TOmOo 7S 
—Un0c71 Oa 0'8 
TUE OUG 2 CO 2 
=O 22520 tees OO 
S07 bos > = (0) IEPA Og) 
SO Gall 05,2714 
Oe od OOo. O 
OR 227 Oe L242 
=022249 mOelO35 
=O..0859 Ol OG O 
=022257 +0.0009 
=050348 mee 227 
ORs 4 aonb 29'6 
= Ory One 9 Orel) 2 
=0 22243 Oak O> 1 
+0.0049 Tee 2 
=O 253 -0.0411 
ELiEer actor O 
Sum ao 
Weights 0 
Input Value Weight 
+0000 000 6 Il 
OOo 2 -0.9441 


V=ar +0.0001 ==) 
Var +0.0002 =0) 
Vie =0  0OOm =O 
Ve +0.0000 +0 
Ver =). O02 =) 
Va +0.0002 ae 
V=r OOO = ©) 
Vi +0 0002 +0 
Ver =, 0002 10, 
Vaio HO 2000s a9, 
eae =. 0002 =o 
Ver +0.0003 +0 
Wie —0) 0002 =—( 
V=r +0.0002 eo 
Va =0 0002 ae) 
Ve +0.0003 +0 
Wie -0.0002 ae 
Viewela +O, O03 +0 
Ver =0 0002 =0 
.000 Desired 

.181 Transfer 

sOOOF Error 

Type Delta Weight 
Vr =0 00601 +0. 
Ver Oo ell =e 
Vo TOO Uo Or 
Ve -O 0001 =O- 
Vi Oc) @ Gall oe 
V—x +0.0000 =, 
Vas +0.0001 a0 
Vr +O .0000 +O. 
Vor +0.0000 Tne 
V- =0..0060 oe 
Vie +0000 1 +0. 
Ver =0 0001) +0. 
Vo +0.0002 ee 
Ve —0- 000] +0. 
Var +O OO +0 
ver =0 70001 =o 
ot +0.0002 +0 
Vv. =0,. 0001 =o 
Ven +0.0002 +0 
= =0 0007 =i 
Va Or OW GZ a 
Veae =0 0002 = 
Vie =i) OOO +0 
Viawe =0 0002 =( 
Vieie +0.0002 +0 
.000 Desired 

.129 Transfer 

POOO Error 

Type Delta Weight 
Veg =—0 0001 =O 
Vas Owes +0 


ob 


.0003 
.0000 


eeeeOue put 
,OSomMeUL Teh. Error 


PiZ oe Output 
“O07 Current Error 


inp ee 


Bias 


lw WO 


+0.0000 ai) “Ole 
+0.1637 mO.10559 
=O OS Oe oO 1 
—On 2 bd OOo 
+0.0474 -0.0004 
=O. od 1 TOMO, Lo 
+0.0050 -0.0419 
=OmU6 7 I On O03 2 
=O, C062 +0.1900 
= Ones 26 =On1092 
=OG1955 POLS 3 
=O 631 Oe 507 
=0, 2101 -0.1148 
=O 27 =(50368 
-0.2249 =OO15 7 
=0:, 0859 +0.0790 
S05 2257 =O ec 3'67/ 
-0.0348 10) PAPAS 
=O 234 +0.0401 
=O-0129 +Oe OO 37 
=O52243 -0.0428 
+0.0049 FO20302 
2052253 -0.0840 
Ere shactor O 
Sum O 
Weights 0 
Input Value Weight 
+1.0000 SOOO 7 
+0.0972 +025 /76 
+0.0000 =O 19 3 
+0), 1637 -0.4384 
=O 4203 Orb 536 
=O 2601 OmOc oS 
+0.0474 +O 76536 
=O aie a TOO 25 
+02 0050 -0.0064 
OOo J —Onele26 2 
TOROS 2 =020214 
=0.73:26 Orel O35 
=0 21055 =O? 12 
=e 3) -0.0246 
=O 2 Oy tOnOO27 
=On 1227 -0.0541 
-0.2249 -0.0061 
=0.0859 =O20274 
0a -0.0849 
-0.0348 +0.0798 
Oe 2 34 Save 2 
=O 00429 +0.0468 
-0.2243 +0.0459 
+0.0049 +0007 9 
=O. 53 =0. Oba4 
Eniaer aCteGin O 
Sum O 


a2 


.000 Desired 
.034 Transfer 


Vie +0.0000 +0. 
V- -02 C006 =O7 
Vet —0 ,0G@i =O 
Vr +0.0000 On 
Voie +0.0001 =© 
Var +0.0002 =O 
Ver -O O00) =r 
Var +0, 000i: +0. 
Ven +0.0001 +0. 
V-=r +0 0002 +0 
V=r +0.0001 =e 
Va +0 002 +0 
Ve G +0. 0001 =O), 
Vai +0.0001 +0, 
var +0.0001 0 
Viee Ose 00 20 
Vai +0.0001 —() 
Van +0.0001 +0. 
Vo +0.0001 = 
Vw +O) OOO) ts 
Ver +0.0001 =07 
Van +0 00s +0 
Wie +O.0001 =) 
.000 Desired 

.094 Transfer 

OO0F Ei rors 

Type Delta Weight 
V=r —-0.0004 +0. 
Vee +0 .0002 +0. 
Ve +0.0000 On 
Vets +0 0001 +0. 
Vea +0.0000 Om 
V=_r +0.0000 =e 
Vee +0.0000 +0 
Vi -0.0002 = 
Vai =), OO = 
Va = OOO 2 = ©) 
Vai = 0005 =O 
Vee =O OOnl =6 
V=r =O, 0003 =) 
Veta =0 0000 =) 
vais -0.0003 =, 
Voig +0.0000 =0 
Vag =0 260103 = 
V=E +0.0001 =0 
Veue =0), 0003 =) 
Va5 +0.0001 =( 
Van =Oroos = 
Vea +0.0002 =% 
Vir =—0, 0003 = 
Vee +0.0002 =0) 
Vi =—O20003 =0 


0000 
0000 
0002 
0003 


BO OOW 


0000 
0001 
0001 
OOO1 


-OO01 


0000 


.0001 


0000 
0001 
0000 
0001 


.0000 


0001 


OOS 


0001 
0000 


~UOOd 
.0000 


0 


.094 OUEDIG 
.O12 Currently wuer 


.034 Output 


Input PE 


Pe: 


Bias 


+4 
OW WDOANIHADU YS WN 


2D 
34 


25 


i000 


oe? 


Input PE 


Bias 


a 
ZO 


Weights OL 
Dipttiavallue Welgnt 
1 0000 PO2009 5 
0. Oo 2 +0.4573 
+0, OOOO -0.0449 
EO. 1637 SU 02 
=e COS =e 5123 
Oe O11) Oe O24 
+0.0474 foe 2oi) 
=Onol2 FO 23702 
+020050 -0.0064 
=O 20671 =020769 
= OF COG +O tes? 
=O25 26 S02 2506 
Ur oS mOLO47 3 
=Oe16s4 tO. 0202 
=Orc LOL EOno7og 
=e? -O.049'5 
=0% 2249 FO 0386 
SUE 0859 O2.O02,6 
=n 22517 FOZ 0620 
-—0.0348 Om vod. 
=0%2234 =—O40053 
=O 029 +0.0190 
=O22 24.3 =O O72 O 
+0.0049 =0,707 76 
=022253 tO OO 9 
Bieta Fac tol OF 
Sum 0 
Weights OF. 


Input Value Weight 


+1.0000 +O 9003 
+0.0972 =1 23688 
+0. 0000 -0.0904 
+0.1637 +e 4 7 
=O 208 ee a 
0226 Ll) =O, O04 2 
+0.0474 lewsely © 
=O lOdeL —Omacn 7 
+O070050 —Omaoy 7 
=0067 1 Ores 26 
C2 0062 +O22977 
=O 32326 00239 
=O 419 55 =(ee2 903 
—Omlest +tOwO7 15 
=O rol —O eel 6 9 
—Oeee 27 03007 5 
=027 249 =070534 
-0.0859 One 52 
=On225/ +0.0046 
—Q0346 tOno203 
=0..2734 +0.0413 
=O 027 9 =) Ob 
(riz 24 3 =O. 0075 
+0.0049 =0. 0835 


OOO, Error 

Type Delta Weight 
Vor =O 0002 +O. 
wie OOOO +O 
Vie +0.0000 Or 
Mc +O. 000M +0". 
Vek +0 0000 Oe 
VsE +O20000 at Ole 
Vis +02 0000 soe 
Neate =O. 0002 Oh. 
V-r =020002 =O); 
Vor =O 0 OB =O. 
V=2 -0.0004 ao 
Vee =O. O00 =0 
v= =0 00032 =O 
Veal =O. O0CO =0 
Vae =O. 0003 =e 
Vos +O. 0006 = © 
Naas =O.0003 =O 
Vis On OOOn: -0 
Vogt =0. 0003 =O) 
Vets OO OO = 0) 
Vas -0.0003 =O 
Neate +0.0002 =O 
Viens On 000 3 =O 
Veo FO ,O0O02 —0 
Van =O 0003 =U 


000 Desired 


.741 Transfer 


000, EY Lor 

Type Delta Weight 
Ve +0702 =O. 
Var =) 70004 +Q. 
ver +0.0000 +0. 
Wie =. 0003 +0, 
Viale Om uOOd oe 
Vai =O). 0000 +0 
Vai =0:.0002 +0 
Ver On ogOw =0 
View OO Onl =0 
V-a Os 0005 =0) 
Ver +0.0006 +0 
V=r 0.0005 =) 
v= +0.0003 = 
V=r +0.0004 = 
Va lO) ONO 1G +0 
Vee +0) 0003 = (0 
Vex +0.0002 +0 
Vez HO OO us =O 
Voi OO, O02 +0 
Vox Onn aie =() 
Ver +07 00072 +O 
Vea +0. 0002 =) 
Vag OOO +0 
Vewe +0.0001 =© 


De 


0.001 Current Error 


0001 
0001 
0000 
0000 
0000 
0000 
0000 
0001 
O001 
0003 


20002 
0803 
-0001 
0002 
.0001 
20002 
AOOOT 
.0002 
JOO] 
20001 
7000 
/O0OL 


0010 
0005 
0000 
0003 
0003 


F000! 
.0006 
20003 
.0006 
.O0001 
x0003 
70001 
.0000 
.0005 
2000 1 
.0004 
/O001 
.0004 
sOOO1 
.0004 
Z0002 
ZO0035 
.0001 
70003 


> 4 OQUEDUL 
2002 <CUxeTrent LELor 


PE: 


25 
SD 
ieee 

=O2 


Input FE 


PE: 


Bias 


00 
59 
25 


1 oor 
=O 050 


Inpucere 


Bias 
2 


Zo 


=0<2252 +02 04414) 
EVP ihaccor 

Sum aa) 
Weights 

Input Value Weight 
+1, 0000 =02025 7 
TO mnOore OG 23 
+02 0000 -0.0414 
+OLAGs 7 +0.2402 
=Q21203 +0.1454 
On 72681 FOZ OOS 5 
+0.0474 Oe OO / 
=OeGi SOnl 401 
+O 0050 ZOOS. 9 
0.0671 =O O09 
=02 00 G2 +0207 34 
-0.2326 Oued 7 
=O 955 =0.- 1017 
7021632 FO. O97 3 
= O72 LO Ow Oa6 2 
=0 -Al227 +020 734 
=0% 2249 +0.0414 
=O2 0959 Oe lOo 5 
=On 2757 SOR0G73 
-0.0348 =0.0403 
=0,2234 FO, 03 30 
=O ORO 9 +0 .0092 
~O32243 -0.0449 
+0.0049 =O Osh0)S 
=e 3 +0 21583 
Errperactor 0 
Sum Oe. 
Weights 0 
Input Value Weight 
+1.0000 +0.1406 
+ ORO 2 =01425 
+0.0000 =O20008 
- Oe s 7 -0.5744 
=071203 +024702 
=O22 617) -0.0486 
+0.0474 +0.5094 
=02-h6 1) On 17 20 
On OO5 © TORO 68 
=O. 067 1) +O 0535 
=O 0e62 -0.0204 
=052326 +0.1140 
=O. > Ore b1 2 
~O- 63 1 a) ee). 
=05-21.01 Oe O14 9 
=O 77 =O 09G / 
-0.2249 On O03 2 
-0.0859 0023 3 
=O. 22 0 =O 0519 
-0.0348 TOO? 9:7 


oF 


Or 


V-r 


+0 20002 


OOO Desired 


54 


EO) 


+0. 
=0= 
tO 
=Or 
=O" 
=—O% 
+0. 
+0. 
+0. 
+0. 
+0. 
+0, 
Oe 
+0. 
Or 
+0. 
+0, 
+0. 
+0. 
+0. 
+0. 
+0. 
+0. 
+0, 
+0. 


+08 
=OF 
+Oe 
=on 
=O 
=O: 
+ ee 


059 Transfer 
O09 Error 
Type Delta Weight 
Var 10) 0/0(0 31 
ie = 0 0 0.Onr 
V=r +0.0000 
V5 =0 0000 
Var =0: 0000 
V=ie +0.0000 
Ve +0 0000 
Ver +0.0001 
V=G +0.0000 
V—2 +0.0000 
Var Oe 0 OOn: 
We +0.0001 
vr +0 .0001 
Vr +0.0000 
Va +0. 0001 
wet +0.0000 
vr FO. UOeH 
v= +0.0000 
V=iG +0, 0001 
Wie -0.0000 
Ver +0.0001 
Vor —0. 0000 
ay te +0.0002. 
Vi =0 . 0000 
Ver +O. 0001 
.000 Desired 
O50 Transfer 
-OO0F Erroz 
Type Delta Weight 
Vr -0 20005 
vr =—0 0068 
Ware +0.0000 
Van +0. 0000 
Voie =0 . 0001 
VG tO. OOOL 
Ver +0.0001 
Voie +0.0001 
Ver =) 0001 
Ven =0', 0000 
Ves =. 0002 
V=r +0.0001 
Vaio -0.0001 
Voa +O, 0001) 
Ver -0.0001 
Var +0.0001 
Voi =O 00071 
v= +02 0062 
V=2 =). OOO 
Ver +OnOCZ 


OOOT 


-O 
aa 


0002 
0001 
0000 
0000 
0001 
0000 
0001 
0001 


OS omOUte pit 
.003 Current Brpres 


. O50ROuUGpUs 
-0O09 Current Error 


ZA -0.2234 =O. 0047 YV-r —0 .00GH +0.0000 
22 =—O7..0 129 —OmO7 | 2a ale tO .0U0Z +0.0000 
23 =On2c43 OO rss Var =0,0002 +0.0000 
24 +0.0049 +0.0066 V-r +0.0002 =@. 0000 
25 On oesS O00 s LZ — 1 =@ CoC] +0.0000 


BE. 37 
io00 Err Factor 0.000 Desired 
vei29 Sum O. 129° Transier Ue 2 oe Output 
25 Weights 0.00G Error GO ,0Oze Current Error 


Input PE Input Value Weight Type Delta Weight 
Bias +1.0000 =0, 0255. Ver —02 0002 0.0007 
Z ee ey 2 +0 25 Zoae T +O 2000n =0.:0000 
+0 .0000 =O Uo 50S vor +0.0000 +0.0000 
4 Oreos / =O. 156 ava +0.0001 +0.0000 
5) Oe 208 =O. L6O25ay— =0..0000 a. OOO 
6 pO. col) aCe) OSes Vat +0.0000 =o 0000 
a +0.0474 Tome OS) Viaala +0.0000 -0).0000 
8 =—O7 boiT On 049 1. Vote =O 2000) -0.0000 
9 +0.0050 —0. 0669) V—r =—0. 0008 =0. C000 
10 >OmOio7 tl =0.09547V—r =0 000m -0.0000 
ileal =0)00'6 2 ORO IU. =i =O. OC02 =O 0001 
1 =O 2526 On WG Ze Vol =0. C008 ao. OO0'] 
ile = Ones 04 7 Var -0. 0002 =O 00.010 
14 =O hoo SOOO Oey = Ie -0.0000 =O OOOO 
5 >On Om aa © OD wy caste =0. 00m -0.0000 


NG = Oe ba mS 2 Ves +0, OOUO -—0.0000 
7 Oe aie moe O0124 V—-5 —0.. 0000 =O 0000 
18 =CR0852 Om LS Ve +0.0000 -0.0000 
ne, =n 57 =O sO 2 Va =O 2000 =O..0800 


20 -0.0348 Tens o 2. Var +0. 000i = 0) 0000 
ze =O 22254 TOO 224 Ver =O 0008 =O, OO0® 
cic =0730229 wOmOSO 2° V—i +O70001 =0 .0000 
Ze =0.0273 =O 40 V—i =070002 =O. 0000 
24 +0.0049 = Or09 Vie +0 70002 -0.0000 
22 =O02 2253 Ons) Var = 00000 =—0-, 0000 


PE: 38 
meo00 EXYr Factor 0.000 Desired 
=e O73 Sum =O. 075) Transier OO em Ue pul t 
25 Weights 0000 Error O-0077Current Error 
Input PE Input Value Weight Type Delta Weight 
Bias +tIPO O00 FO. VOB SUV sr +0.0002 =O, 00072 


2 dO 0190) 2 sie 25 0. Vow -0.0004 SO 0002 
3S TO oCoe =O 090 1 Vents +07 0000 +O. 0000 
4 Oe loo7 + ORO elav a Om OOOd -0.0000 
= —OrlZ 03 tO Oz i se s0OOi me. OOO 
6 =O O41 Or 50 Vea TOO OD FO 20002 
v +0.0474 mG 94> Voie a OO Ow moO OC Or 
8 Oe ool Os 40. Var 0 n000s BO O00 L 
2 + O20050 Oe LilS2 View EUa000s8 7020000 
16, O20 G7 moe (14. Vor OOO OZ +0.0004 
i SOOO GZ moe 50595 NaI O02 0005 TO .0003 
2 =O. 7376 TOs. 4 Os Vr +0.0003 +0.0004 
3 =Oiloioe ZO2l943 Vor +0.0004 0 OOOi 
14 Oke ll maOwO1O Vai +020002 TORO O03 
> O77 Loy =0,0080° Ver +0.0004 To -OOO1 
16 =O see =O I54 Ver +O O0OH 07 0003 


aS 


InpuUcer: 


Bias 


We) 


=C>42 


TApue ee 


Bias 
2 


Zo 


iO 


-0.2249 +0.0845 
-0.0859 Ons 
=On2 2507 OOS 55 
-0.0348 =O. 0062 
—-0.2234 +0.0156 
-O.0029 +0.0405 
=0272243 +0) 10713 
+0.0049 —0.,0934 
O22 50 -0 0812 
Err Facton QO. 
Sum O: 
Weights OF 
Input Value Weight 
+1 GC00 =O. 3298 
+O 4009 2 eel 
+0.0000 =0,0493 
+O0.9637 +0.8559 
=OrLZ0s =O Ss 5 
= 76 Ja +0.0644 
+0.0474 =i 2094 
= ale all: =Jesol3 
+07 0050 =O. 204 / 
—O07 067 1 =), Coz | 
=Q20062 mo. OZ206 
=02526 +0.0013 
6) Less =r 5125 
—Unetoaen SOG 7 1 
=O.47 20 = Oeele? 6 
=O7227 0) 05 OS 
-0.2249 =O, 4 
=020659 Omo O16 
Ola 22007 +002 73 
-0.0348 0-007 0 
=@6..7234 +0.0144 
=OeOie > +0.0379 
=O 3 =O O00 / 
+0.0049 =O 7ee12 
=Oe2255 +ORO1 8 3 
Err Factor Oe 
Sum a). 
Weights 0 


Input Value Weight 


+1.00C0 mW 3 2350 
FOC 7 2 tO . 20.20 
+027 0000 a. O07 
+ ORG 3./ =O 4 
=O2 10s +0, 9148 
=O 2611 =—0-1067 
+0.0474 0: 0534 
=O toa? TO. 1675 
+020 050 7O)1S:/ O 
=O20671 TORU GOS 
=O70062 =OR368 
= 6 ttle OS 
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Ver +0.0004 +0. 
V-=r +0.0000 0. 
V=— +0.0004 +0. 
Var =—0. 0000 +0", 
Vee +0.0004 Oe 
Vaio —O 000m =Or 
V=r +0.0004 On 
Vande =O OOO i! +0. 
NG +0.0004 aoe 
OOO Desired 

157 Transfer 

VOU FEE roi 

Type Dea Weight 
Veale 0.0014 

v= aigae +0. 
Wie SOVOeOG aoe 
Vr =0 -0002 +0, 
Views +0.0004 TOE 
V=e =O. 0007 On 
Vai -0.0004 =O62 
Vy -0.0004 = 0" 
Ver +0. OOW2 +O 
Vea +0.0000 =O 
Va +0. 0005 =O 
Var =0 0005 Oe 
V=r +0), 0002 =o. 
Va =—0 0004 =0% 
Van +0, 0003 =O; 
Vor -0.0004 =O. 
Vr +0.0003 =O). 
Vs —0. 0005 =O 
Wine a Ol ORONO) S' =O5 
Vie =o sO 00S =O, 
Voi +0.0003 =0 
V=r SOO 00s ao 
v= +O. 0003 =O 
V=rE =O. 0005 =©) 
V=% +02 0003 ae 
OOO Desired 

494 Transfer 

_ VOOM Bier is 

Type Delta Weight 
Veo =0,0003 +0 
Voie +O, COCO =O 
Vet. -OL,0000 +O 
Vie +0) C000 10, 
vr =O. 0000 +0 
V=r +0.0000 =0 
We +O20001 = 0) 
vr +0.0000 +0 
Ve —0. 0000 +0 
Wee =0. 0001 +0 
Vou =O. 000% +0 
V=e =0. 0000 +0 


0001 
0003 
OO0O1 
0003 
0001 
0002 
0001 
0002 
0001 


=O. 
.O12 Current Error 


.0006 
2OOOZ 
.0000 
.0001 
.0001 
0002 
. 0000 
sO001 
.0002 
e000 2 
.0001 
POUL 


PS Output 
.009 Current Errex 


494 Output 


ie =O2-1955 tO OS Sa iain =0. 0000 +0 .0000 
14 —Oel6 31 Teli) 2 Ole amen 12 =0..0000 £O.0001 
eS 0.2101 S07 3709) I = 0000 ro OOO) 
16 OR 227 moO 0S Gly T =0.00G0 +0.0001 
i) =0-2249 +0.0449 V-r =O; 0600 ZO. OOOU 
18 =O 859 =O. 00d Vor =, 0000 + Or, OOO] 
19 mG 2 oe tO O sey Te =020000 O...0O000 
20 =0,0348 SOmOCS Gav or -0.0000 +O .-0001 
Zl sie aoe -@.05 2a Vor =020000) +0.0000 
ae =O, Ol Ze =O 00680 V=r =0, 0000 +O. 0000 
23 =0'52243 OOS 53 ze -0.0000 +0.0000 
24 +0.0049 OWS 2 eaves +0.0000 FO .0000 
ZS ORI2 253 70.0481 sVer -0.0000 +0.0000 
PE: 41 
ie C0OmE Ear FactGr 0.000 Desired 
Oe209 Sum —OmzOO ei rains fem =O8 2065 Out pur 
25 Weights O27 000 Error O-000; Curren Error 
Input PE Input Value Weight Type Delta Weight 
Bias +1 .0000 =O siz Ss Nr POUSOOO 9 =O 00019 
Z TO O89 2 + On 2a or tO. 00G0 +O. 0003 
3 OP OLS OLe + O.04 Ollee Vat +0.0000 TO2OO00 
4 a O63) Ong Se S2rey 3 =0) 0002 FO. O00O1 
5 =O291Z03 —U OSG 9eV= +0. ©0072 a0 O00) 
6 >On Gaal Oe Ou Var =O 0 00m = O88) ol 
7 +0.0474 alee 32 Vai =02 0002 =O 0 O02 
8 =e lore PO O20 y= =0. 0001) = Ono C)Oul 
9 +O. O0s0 On 1421 Var +02 0002 +0.0000 
10 =0 506 FE OL aso. +O. 0001 =O. 0002 
ia -0.0062 moro, =m +0.0004 -0.0000 
eZ = Oe2 326 +05 0304 V—r -0.0001 =O OOO t 
13 =O 1955 Orel BO4 Var 70). O03 =O. 0000 
14 =OrelGer Ome OOS 5 Vet =0.-0001 =0..0002 
i = Ore cele: HOeO0S 37 =—7 +O). 0005 =07:0000 
16 = E227 020697 VN-G =0:-0002 = 0 0002 
nl =s022249 POnLOo4 -Vor +0. 0003 =O. 7000 
18 SOs 0859 -0.0448 V-r =0. 0002 =OLO001 
Eo Ome. TO 087 3= Var +0 0003 =0.. 0000 
20 —OrOsas Os O37 2 Vor =0 0002 =O-0008 
Zi Wa 234 eO.O5 7S Vor +O20003 =0- 0000 
Zz = OG leas sO0254 Vi =O 20002 =O) 0 On: 
23 =O 22o6 TOs Os 92 Var +O SOG08 =O. 0000 
24 +0.0049 TPOmo4 60) Vor =0'20003 -0.0000 
25 =0 2253 md 235° Vira +0, 0003 =O 70000 
BE 42 
m000 Err Factor 0.000 Desired 
0.028 Sum On023= Transfer OPOZSOuULDUET 
25 Weights 02000 Error pO. OLo.Current Error 
Input PE Input Value Weight Type Delta Weight 
Bias Tal OC OO =O O07. Var +0.0002 +0.0004 
2 tar, O97 2 Om 7 Om —T +07 0000 OO 
3 FO), OO} 00 mer OG260) Vor +0206000 FOE-0000 
4 7 Olltg.3 7 Oooo. Var OOOO} =0:,000 1) 
> = OG AZO hOeSo14 Vor FOO 1: FO OeOL 
6 = 2.6 toll TO. O04) Var =OF 000n -0.0004 
7 +0.0474 Oma 245. Vor =0,0000 FOO Oa! 
8 = Ue roviel =0,0024 V=r net) S(O) OIL FO O00T 


by 


9 +0 20050 =0..0919 Ver +02 0082 +0.0002 
10 =) 0671 +O 067 7 viele +0.0000 +O20003 
11 =O, 0062 10.27/39 Vee +0.0004 +0. 0003 
a2 =O20 26 +0063] Vee =0, 0002 TOMO? 
13 =O deo =OUOD9) Diao +0 .0003 OOOO 1 
14 =O. 21631 =O 82 7 35) Views -0.0001 +0). OO 01! 
15 =0:52002 =O0n0524° Von +0.0003 +O OUO2 
16 =O 27 SOG 14- Vas =0, 0002 0 OU Ol 
ig: =0.2249 OOO 29: Vee +0. 0003 +O. 0007 
die =O ee s9 —020376- Var =0,, 0002 +O 0002 
i 0.42258 =070125° Vom +O 70003 +0.0001 
20 =0'. 0348 =0. 7097 O25. ais =0',0003 +0.0000 
21 =0),. 2254 + Oe 262 oven +0. 0003 70, 000m 
22 =O:.,,082 9 =020793 "Var -0.0003 -0.0000 
23 =O082243 +0096 3 Vaasa +O OO0S +0.0001 
24 +0.0049 +OUOZO 8. Vals -0.0003 =07. C000 
ZS =082253 +0, 0028 Von +0.0003 + OO OOd 
PE: 43 
1 000 Err Pactor 0.000 Desired 
=0. 062) sum -0.062 Transfer —=02 062 /0OuLpDuUE 
25 Weights O 2000" Error O.010 Current Exean 
Input PE Input Value Weight Type Delta Weight 
Bias +1.0000 -0.0004 V-r +0.0003 -0.0004 
Z ORO + Ono 3 15: ie =O 20001 FO, 0001 
3 +0.0000 SOR 096 7 avcesta +0.0000 +0.0000 
4 +O" 1637 +0084 2°Vor —0. 0001 +0.0000 
> =0 12038 +0. 3687 Vas =0. 0000 +0 .000 1 
6 —0 2601 =002 13 ais -0.0000 +0.0000 
ae +0.0474 [O27 299) Weis —0',0001 020001 
8 =Om tod =r OS 6 Ves FO nO0Uu +0.0000 
9 Oe 0O > 0) =0F0536" Vou FOL 0G0Z 2-16) (000) 
10 =0. 0671 -Om 20 Vere tO 20007 + 000.01 
Je =0/20062 05 J.J) ee +0 50003 +02 0902 
Ie -O04 23:26 +0 086 2 “Vere +0.0000 +O ROO O01 
1s =O2 oS +0.0613 (Vou +0 30002 +0.0000 
14 =O 6s 1 -0.1499 V-r —0 0000 +0.0000 
TS =O22 201 Om 5.4 6) Weats +0.0002 +0.0000 
16 = One 04.0331. Ve -0.0000 +0.0000 
iy —On 2245 Om 409: Neus +0 00072 +0 .0000 
18 =O; O89 m1 DDo. Vals =0 0001) +0.0000 
19 ~Onecoy =0'.0195 Ver +0.0002 +0.0000 
20 -0.0348 70.0000 Van =O. 0002 +0.0000 
ZA =Oin2234 +0.0464 V-r +O 0002 +0.0000 
22 =O 40029 =07 1297 a Vvaea =O; OOO! +0.0000 
23 =O id 3 +0,03220V—5 +0. 0002 +0.0000 
24 +0.0049 —0.0724 Ver =O 0001 +0.0000 
Zo O22 5S +0) COOS2V— i +0. 0002 +0.0000 
Layer: Hidden2 
PES: 2 Wot Fields: 3 Sum: Sum 
Spacing: 5 F' offset: 0.00 Transfer: TanH 
Shape: Square Out puts sbi rect 
Scale: 1.00 Low Limit: -—9999.00 Error Func: standard 
Offset: 0.00 HvoGhe imi tees 992 OO Learn: Norm-Cum-Delta 
Init. Low: =Omieo init. High: 6. 100 L/R Schedule: hidden2 
Winner 1: None Winner 2: None 
L/R Schedule: hidden2 
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Recall Step al 
inputs cl) amp 0.0000 
Firing Density 100.0000 
Temperature 0.0000 
Gain T0000 
Gain 1.000 

meorh Step 10000 
Coefficient 1 O..2500 
Coefficient 2 0.4000 
Goectticient 3 Oz 1000 
Temperature 0.0000 

PE: 44 

i000. Excr Factor oO 
SOezo0 SUN aOR 
19 Weights O. 
Input PE Input Value Weight 
Bias +1 20000 =0- 2509 
26 =O iS =O OG0!S 
oe +0, LOz2 [05107 74 
28 SOLO87 2 =O0S17 
oo = Oval. © motor 
30 + OceS LS -0.0849 
21. -0.1294 OOO 2e) 
BZ +OnO 935 FO) L260 
a3 +OL@ese =(',03.14 
34 +0.7408 =O 98s 
Ss —050564 +0.0714 
36 -0.0499 =O 36 2 
o7 +OReEZ ES +0.1304 
38 =O. 0722 On 232 
39 tORds 70 -0.0794 
40 -0.4944 =O Oa! 
41 022056 =00706 
42 FOWOZ 76 eOnOhy 7 
43 =O 0647), +0.0416 
Ep: 45 
moO Err Factor QO. 
=Ues56 Sum =O 
19 Weights 0 
Input PE Input Value Weight 
Bias +1.0000 Ono 2 
26 Orel 52 0.4661 
Fae | tO eltO.22 On 2028 
28 BOOST Z Oo 507 
Zo —OeekG ho HO. 2028 
30 +Orerels -0.0043 
el =On294 +0.4720 
az POO s.5 Oo 2 1G 
aS +0.0338 -0.6874 
34 +0.7408 =0, 0896 
35 00589 TOO 59 
36 -0.0499 Or 7 
oy +O) pele SS =O; Ze oS 
38 =02.07 26 +i 2808 
33 + On o7 © -0.0045 
40 -0.4944 +0.0906 


Se 


0 0 
0. 0000 0.0000 
0.0600 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
30000 70000 
O02 L256 O08 12 
0.2000 O70 500 
0.1000 0.1000 
0.0000 0.0000 
OOO Desired 
282 Transfer =0 
O00 Error 0 
Type Delta Weight 
v= =02700C2 +0.0001 
ale +0.0001 ro OU Od 
Ving =0, 0000 =Os0001 
vr =@7 0001 +0.0000 
vr +0 0000 +0.0001 
vr =O20007 1035) 61616 Tk 
V=r -O 20000 +0. 0000 
6 =—0 0000 =—OnO000 
var =0 0000 =-0-0000 
V=r = (0) 10) 0/014 +0: 0000 
ver +0.0000 =O.0000 
We =O 0001 =0 0000 
WAG =—0 0000 —O7 0000 
ae +0.0000 =O 0CCl 
V=r +0.0001 =9 -Oo0GH 
Nar =) 30001 —0 ,000 
emia +O WOOO 1 = 9 0000 
ie =020000 =O, 0001 
Vor =—0 70000 =OROOOO 
000 Desired 
343 Transfer =() 
2O00- Error O 
Type Delta Weight 
Vite +0.0003 -0.0004 
Var +0.0003 +O.0002 
Va 020001 ie, OOO 
va +0.0003 =020 000 
Wi q +Os000> +0.0001 
V=r -0.0004 =0 0002 
Ve +0.0003 +0.0001 
Ver =O. 0003 =—O..0001 
ate OO OO =O, 0001 
vr +O O00 Z =O 70004 
Se =0- 0000 +0.0000 
er +O, 0002 =0-00601) 
a =0 20002 —O.00ei 
ae TO mOOb Z =0 0002 
vie = 020005 On: 
Vr =07,0000 +O 70001) 


0 0 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
020000 0.0000 
150000 310000 
0,00 20 0.0000 
O20031 ©. C008 
0.1000 O- L000 
0.0000 0.0000 

eoo2 QUEpUt 


5Ol2 Current. Errer 


Po So OULDUE 
WoerGCurrent Error 


IMpue ee 


=—O.2056 +0.4336 
+0.0276 +0.4943 
—O7 0617 +0.4917 
Bier Factor 

Sum = 
Weights 

Input Value Weight 
+1.0000 +0.2452 
(Orel oc =O, 1542 
+0.1022 = 02 0220 
—On0G7.Z + Orgies 
= OreGsl0 +0.0608 
+0:.12613 -0.0894 
-0.1294 =—0. 0666 
+O,10935 +0 .0995 
+0.0338 =—020256 
+0.7408 =O 25509 
=0.:0589 +0.0003 
-0.0499 =0.. 1625 
+0.1285 = Oey 
=00 723 =0207 27 
Ooo +O. 2607 0 
-0.4944 =0.0703 
=, 2056 -0.0848 
+O, 0276 +0.0660 
=O. 0617 =0'70610 
EEere bacreors 

Sum 

Weights 

Input Value Weight 
+1 .0000 -0.0991 
=O. 1a =1.0093 
+0.1022 O76 134 
=070572 + On wee 
=O 7 1610 =0 26 5:61 
Oe) ors +1.4748 
-0.1294 =O.53265 
+0:.09345 +0.0468 
+0.10338 aOwZ214 9 
+0.7408 =O 0163 
=070585 eee > 
-0.0499 +0.1647 
+O2IZ385 =O,0L16 
=O O72 s A el SS 
+ Oko 0 —O.,123 1 
-0.4944 EO oes s 
=) .2056 =O. 30 10 
+O02O276 +O, 6198 
=O) 6.17 =O), O1 07 
Eee Factoenm O 
Sum = 0). 
Weights 0. 


QO. 


o 


oe 
OF 
ve 


Input Value Weight 


+0 
a0 
210) 


ee 
+O 
=n 
=O 
Oe 
=O; 
Oe 
=Ox 
=O 
Oe 
Os 
Or 
=0- 
Oe 
aU 
=O. 
Ore 
miles 
aoe 


+O: 
=O. 
oe 
on 
+O: 
eG). 
+0, 
=O 
= 
+Q. 
+O". 
Oe 
=O 
ene 
a 
=O. 
=O 
= (Oe 
=O. 


Vaae +0.0000 
Vor +0.0000 
Nae +0.0001 
000 Desired 
.029 Transfer 
OCOREr rer 
Type Delta Weight 
V=E -0.0004 
Var —0, 0002 
Ver +0.0001 
oe +0.0000 
Vz —0 0001 
V=r +0 70002 
Ver -0.0001 
Vicere +0.0000 
Var -0.0000 
=e =o WZ 
eae +0.0000 
vo =0 0001 
iy =e +0.0000 
Wi 3¢ +0.0000 
Vie +0.0001 
V=P +0.0002 
Voi —O, O00ge 
Vor +0.0001 
V=r +0.0000 
O00 Desired 
375 Transfer 
O00. Error 
Type Delta Weight 
Vie =—O2 000 
Ver -0.0001 
V—r =—0, 0006 
V=r +0 70001 
Vax +0.0000 
v= +0.0001 
VSP =(0 0 00: 
V=r +0.0000 
Ver +O sO0@m 
Ver —0  00GZ 
Vie =—0'. 0000 
Ve Os 00@ 
vee +0.0000 
Ver -0.0000 
Voie =0 000n 
vie +0, 000m 
Vea =0 00Ce 
Via ae +0.0001 
Van +0.0001 
O00 Desired 
381 Transfer 
ObOy Error 


Type Delta Weight 
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0002 


0001 


-0 
0 


-O029 OuEpis 
.006 Current Error 


po?) OUCp Ue 
.182 Current Error 


~38l, QUEDUL 
.055 Current Erie 


Input PE 


Bias 
26 
24 


=On4 


imiput PE 


Bias 


68 
io 


Tle O00 =O Ag 
=On wy oe =0<1657 
+0.1022 ~O.-0537 
OOo oO. 09S6 
=Oe15 10 =—O.07)7 
+0.1813 +0.0073 
—-0.1294 0 7 Be 
+009 —02 0202 
+0702 56 foe L267 
+0.7408 +0.0497 
=020582 Oe 196 
-0.0499 +0.0540 
+02 e285 +02 Odo 
=O a0 6 =O 70481 
+0257 0 0, 0003 
-0.4944 —) 20075 
=O 2056 =O Oe 
FOO 276 -0.0784 
=O: 0617 TO. Ge 
Err Faceor 

Sum 0 
Weights 

Input Value Weight 
FOO “SON VAG VA 
=O,.0752 £O,0473 
Om O22 mOnOsso 
=O00872 eee is 
me elo 1 @ TO. 3763 
GOL Lo.3 Ori 23.0 
=08 1294 FOL Vs96 
+0 0935 On 8 3 
+0033 Oe O42 
+0.7408 = 0200) 385 
=0R0 589 =O. 1025 
-0.0499 +0.2943 
sf) eel ta) OO 010 
=0 20728 +O 267 9 
Oi S70 —Or eos 
-0.4944 +0.0640 
=O 056 =O ie So 
OO 6 -0.1846 
=U OGL? =O) 1596 
ERraPact Ol 

Sum =) 
Weights 

Input Value Weight 
TAC OOe Oi 293 7 
= Oma 7 52 +0.0669 
FOR LOZ -0.0248 
a Oo. ler 7 Salt 
Oar O10 FOO 287 
Fonte 12 -0..0452 
-0.1294 +0.0956 
FO20935 -0.0469 


Ov 
.003 Transfer 
Oz 


OF 


0. 


v= +0.0001 aes 
Te +02 0003 =0'. 
vr =O 000 al) 
vt =e 00 | 2 
oe +0.0001 =), 
Vee = 0003 0. 
Ver +O OUOn =). 
Vv-r —-0. 0000 TO. 
V=r +0.0000 ae is 
vr +0 20003 =e 
var =0 0000 +O. 
vi =—0 70002 == 
Vr —0. 0000 Oe 
Ve —-O. C000 =—@% 
V=r +0000 +0. 
ver =0. 0002 Oe 
v=r +e OW @all Oe 
Wei =07 000m: Oe 
vr ~9 0001 Or 
OOO Desired 


O00 Error 

Type Delta Weight 
vr -0.0004 +0. 
Vex +02 000u On 
V=r =07 0000 -0 
Wee +0.0000 On 
ye +0.0000 On 
Ve ic =O 2000 1 =), 
vr +0, OOO te 
Var +O), 000 1 a0). 
V=r = 20000 +0. 
ve +O OOOr +0) 
V=r OOOO +0 
Nie =O 0001 +0. 
ta -(7000C 13) 5 
=i =O, 0000 Oe 
V-r +0.0000 OF 
vo +0.0000 — Oe 
Vee +0.0000 =O% 
Vor =) 0 @.0nl =e 
V=r = 0001 2 
OOO Desired 

.436 Transfer 

OO0s Error 

Type Delta Weight 
Vi =) 0001: Oe 
ve +0.0002 a Oe 
Vier -—O- 0002! TOP 
V=r =O 0001 Oe 
Vor =-0:. 0000 =O). 
v= 7 —OrOOiO2 oe 
Vor +0.0000 =O. 
V=r +0.0000 Om 
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0004 
0002 


7000] 


0001 
0002 
0003 
0001 
0000 
0000 
0002 


. 0000 


0000 
0000 
0001 
0002 
0002 
0000 
0002 
0001 


“JOS OuLEput 
POne Currenc. Error 


poSo6 -OULpDUL 
ZOUle.eCurren: Error 


Bias 


Bias 


Var 
Ver 
Ver 
Ve 
Vis 
Vie i 
Nes 
Voie 
Veta 
Vas 
V-r 


+0.0338 =0).0 73.6 
+0.7408 -0.0079 
=0.0500 =O. 0242 
-0.0499 —0. 0250 
+0.1285 +0.0201 
=O107 26 +0.1834 
+0.1570 Oo 2302 
-0.4944 +0.1018 
=O me OSG +0.1835 
+0.0276 +0.1495 
=O 0617, + OpeeZiOn 
Err Haccor QO. 
Sum =O) 
Weights QO. 


Input Value Weight 


000 Desired 


.074 Transfer 


O00 Error 
Type Delta Weight 


VG +0.0004 0 
V-r +0 0C@Z =). 
Vr —0 0002 +0. 
Var =0, 0000 =O 
Ver +0.0001 =O. 
Vr =, 0062 +0. 
V= I +0.0001 = Oe 
V=2r -0.0000 +0. 
Vee +0.0000 +0. 
ve +0.0002 =O% 
v= -0.0000 =(0:. 
Ve +0,0001 =i, 
ine -0.0000 +0, 
Vax -0.0000 =O 
Vor -0.0001 ae 
Vie =, G00 tee 
V=r +0.0000 +0. 
Ve —0, CO0d Or 
V=r -0.0000 +0. 


.0O00 Desired 


199 Transfer 


PieoOooOg = OkeZ SZ 
SOS 752 SOO oo. 
+O O22 S007 78 
=O 20872 -0.0844 
=04 1610 -—0.0040 
+0 . Wen 3 =—0- 0034 
-0.1294 —030107 9 
+O209355 -0.0658 
+020338 O03 
+0.7408 +0.3864 
=O-0S29 mo-O07LS 
-0.0499 +0.0269 
TO 28s -0.1040 
=0,0728 =O) OO ING 
Ondo) tO. Ik 
-0.4944 TOL ooo 
=02-2 036 +0 .0966 
+02 0276 =02. 0068 
0.0617, FOL IASG 
Ber Pactor 0 
Sum =O 
Weights 0 
Input Value Weight 
He COUe +0.2434 
=O 2a +0.0401 
+O O27 TO G06 
=0305772 +0.3984 
[07 1G FO + On G 2an5 
oO. lapels +0.0992 
=0.1294 +058 907. 
TO. Os) +00323 
+0033 +00 0820 
+0.7408 —O NO 2 1 
=—0 05389 +07 1418 
S004 20 +0.4590 
Oe L285 +O. 0099 
mee OLzZS Oo 29 
0. bo 70 = i255 95 
-0.4944 ORO 3 


oz 


JOO Erren 

Type Delta Weight 
V=E -0.0007 +0. 
Var +0.0002 +0, 
V=E -0.0000 =O 
Baae -0.0000 +0. 
Va +0.0000 +0 
Vi =—0.. 0002 =0 
Ver +0.0002 +0 
Vie +O 0002 sal) 
V-r =0 50. OO: +0 
Ver +0.0004 +0 
VEE +0.0001 +O 
Vile =0- 0001 +0 
Var = .0000 =) 
Var On OOO =O) 
Ver +0.0000 =O) 
Wiis -0.0001 =O 


7074 Outpur 
.015 Current Erpaon 


79S Ourcpue 
.O10 Current Erren 


41 =O. cOS6 PO463 oy. -0.0000 ao OOOL 
42 +0.0276 mele. 5 Ore aay ol -0.0003 =O .0002 
43 =O 067 SO. 135 Cuve -0.0004 OO O00 1 


BE: 33 
12000 Err hacror 0.000 Desired 
Os Gi Ieroum (e702 Tranemer =O6702 OUmput 
19 Weights OOOO Erccor =0.009 Current, Error 


Input PE Input Value Weight Type Delta Weight 
Bias +1 .0000 OOS ogy = i =O, 0C02 =O0.0001 


26 sOmiy oz mOeO) OO8v—r =O, 0002 +0.0003 
2/ +O O22 SO .eZe Var +07 000n OOOO) 
Zo =O.,.01 72 =0207 54 V-1r +0" 0000 =O 0000 
29 =O Oe nO O05273..7—-) =0 7000s +0. 0003 
30 Oma lS BOO 2590 V +0 0002 ZO 000s 
Bi =Oe 1294 =O. 0486 -V-r =O, 000T tO sO002 


32 TOO 9S. SOrsa@ Zea =i +0. 0001 SOOO) 
33 +0.0338 TOnLO46- yr +0.Q0000 -0.0000 
34 +0.7408 SOe Loar =0 .0002 0-000) 
5D -0.,,0569 =) MOCA dey =r +0.0000 +0.0000 
36 =07,0499 ap Oe @ ayo ela faa a -0.0000 -O 70001 
Sr OZR =O 2065 bv x +0.0000 =O 20001 
Bye ao Ovo SO > OnV er —~O.0000 EO, 0001 


39 tO. a7 0 +0.1744 V-r +0.0001 ZOROOO 

40 -0.4944 O29 oe ai tOn0002 -0.0000 

41 =O. 2056 SO Oe Lanyards =O2 0008 +O. 0000 

42 +O077 6 Obey OV —1 tO OOOL =O 50003 

43 =O. 0Gia7 +0.0949 V-r Toe 0000 2070001 

PE: 54 
POOLE Greractor 0.000 Desired 
0.464 Sum 0: 452 iransier O24 33OUEpUL 
19 Weights ©. 000 Error 020353 (Current Error 


Input PE Input Value Weight Type Delta Weight 
Bias +1.0000 FOvi 745 Vor +Q0.00C4 +0. 0001 
26 SO. 752 Om 035.31. Vee +0. 0002) =O 0001 
ZT Oe LO? Z Ono 90° v= ir 0 009 +0.0001 
28 =O. 08/2 FOL OI80 Var 70, 0001 -0.0000 
29 Oreo} wO20579 Ver +0. 0001 Oe 0002 
30 mOeo 1 3 TO 2208 Vr =0 0000 FO OOO. 
Bak =0,1294 70 20035 Vir TO 20000 =O, O00! 
B 2 TO2O935 FO. 1345 Ver SO .OOO1 =0 20000 
33 HOwOsS0 +05. 24.16) oVeoie +0.0000 +0.0000 
34 +0. 7408 +O .o7 12 Vad =0.0001 FONCOOZ 
aS —0.0589 [Oui 6 Var =0. 0001. =0 0000 


BiG -0.0499 Ono Savor +O, 0002 OOO 

So TO hZoo -0.0421 V-r =O 0000 FO, 0000 

38 sO? 26 =O, 5 6Ol= yr =020000 =0,0000 

39 On 1570 sOeOl2o- var =0 -0003 70.0002 

40 -0.4944 nO. Ol) oay—r +0.0000 =O. 0000 

41 aU e2056 ce 22 Vr =0 0000 +0 .0000 

42 OC 2 76 a ede7 2 Var =0, 0000 +CeOO02 

aS 2006 17 mO6O0245- V=r +O: OOO: FO26002 

PEs. 55 
#2000 Err Factor 0.000 Desired 
i320 Sum 0.867 Transfer 023867 Output 
19 Weights V20C0, Error —67.000) Current Error 


Input PE Input Value Weight Type Delta Weight 
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Sum 
TanH 
Direct 


standard 


Norm-Cum-Delta 


Bias +1. OOC® +0.0474 V-r +0.0004 SO O003 
26 =Ovi yo =O 07 66g ais +O20602 -0.0003 
Ze +0,1022 +0.0996 V-r =O- 0001 +0 20001 
28 =020.87 2 TOS 5.2 Oey als +0.0001 OO OOu: 
29 = 0,60 =0 0436 Var +0. 00102 =0. 0002 
30 +0, 1813 Odes San eels =0. 0802 +07 0003 
on. aQ.1294 + Ogle diees aia +O. O01 =0 20003 
BZ +0.0935 +020224 ay >i =070001 +0. 0002 
33 +O 70S S56 OPO S59 a =r -0.0000 +O,000 8 
34 +0.7408 Tie4 36 ee yar +0.0002 On OOOZ 
35 —0.0589 +O 2 Ou et =0 . 800 +0.0000 
36 -0.0499 =O). L603 —1c +0.0001 =F. OOO] 
37 + Opes =O. 10708 75r =02 0001 +0.0001 
38 =O020.2e #20) 1.6 22 haat +0.0000 =OrO008 
39 tO leo) =0. 1270 ser —0.0002 +0.0002 
40 -0.4944 =-0.4368 Vor =O, 0001 +0.0000 
41 =0. 2056 =O 5129 8-V— 1 +0.0000 =O. 000) 
42 +0302 76 SO 3 ale =-0 0001 +O 0007: 
43 906 17 =O 25008 var +0.0000 =—0, 0000 
Layer: ou 
PES: 4 Wgt Fields: 3 Sum: 
Spacing: 5 F' offset: 0.00 Transfer: 
Shape: Square Output: 
Scale: 1.00 Dew Dima oo. Oe Error Pune: 
Offset: 0.00 High Limit: 9999.00 Learn: 
Init Low: —O2r0o init Hicgh:20.100 L/R Schedule: 
Winner 1: None Winner 2: 
L/R Schedule: out 
Recall Step i 0 0 
Input Clamp 0.0000 0.0000 0.0000 
Firing Density 100.0000 0.0000 0.0000 
Temperature 0.0000 0.0000 0.0000 
Gain 1.0000 0.0000 0.0000 
Gain i. 0008 0.0000 0.0000 
Learn Step 10000 30000 70000 
Coefficient l 0.1500 0.0750 O701gs 
Coekii cient 2 0.4000 0.2000 0.0500 
Coefficient 3 0.1000 0.1000 Oi 000 
Temperature 0.0000 0.0000 0.0000 
PE oo 
1.000 Err Factor 0.500 Desired 
12597 sou 0.921 Transfer 
13 Weights 07422) Error 
Input PE Input Value Weight Type Delta Weight 
Bias +1 20006 tl D6 SANS Ie +0.0008 =) 0007 
44 —O 72078 =05; 27 6 oe ais =0..0007 +02, 0002 
45 —0. 3434 +0.0471 V-r -0. 0003 +OL000Z 
46 =020287 =070395.V—G +0 70008 =0..0006 
47 -Ons 7 ot =02 0202.5) —1 +0.0006 +0.0007 
48 [OR 3B0 =O 2 206m — Ts —0. 0003 +0.0004 
49 5210). 60) cul 0.4 Lo ey +0.0004 =0-0006 
50 -0.4364 =OSES8 2° Vai -0.0002 +0 20002 
SE =O Ona > +0.0784 V-r =0.0003 +0 70002 
a2 -0.1994 =, 0 556- yaa +0.0004 —02.0007 
53 —0. 7020 +O 21638 2 = 1. +0. 0001 +020 001. 
54 +0.4333 +05 2467eV—r +0). O00 -0.0002 


out 
None 


0 
0.0000 
0.0000 
0.0000 
0 
0 


O792 i Outpur 
0.013 Current Eyres 
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55 + OeGoo POLO 264d. Vr =O, DOO aeeouol 
PE: 57 
POO0s ror hactor 0.500 Desired 
ie? 2o oun 0.939 Transfer O95 7,Onepue 
13 Weights =O. 439° Errom =02032. CUrrent, Error 
Input PE Input Value Weight Type Delta Weight 
Bias +1.0000 Pleo 2 Vor —0, 0006 TOMO gS 
44 ms 2628 =O 208510 =r -OLO0GS Ser OUO2 
45 mOues 45 | —~lLaseoo vr =. 0006 +0.0002 
46 =0)028 7 +0.0385 V-r +02 00038 +0.0001 
47 tOese oS . Oe 0129. V =r +07 OGa10 =0 0000 
48 =@ 3610 =O Vonk +0.0004 =O", 0005 
49 + Oreo Gs =O. Oo leave =U. 0006 +O, 0002 
50 —-0.4364 +O,0623 V—r =0. 0000 +0.0000 
oi = ee). 35 —Om027 0. Vor +0 0001 -O, 0002 
52 =0,1994 +0.0248 V-r —0.-0006 +0.0001 
5S =O. 7020 + OO OS OV ar +0.0004 OOOO) 
54 +0.4333 RO=OOG Vr =—0 0001 =O) OOO 1 
35 +0.8669 OnOl7e 2. Var =O. 20005 0). 000) 
PE: 58 
iP OO rr bactor 0.500 Desired 
0.107 Sum 0.106 Transfer 0.106 Output 
13 Weights 02394 “Error 0-003 Current Error 
Input PE Input Value Weight Type Delta Weight 
Bias 71.0000 tie POO oy — 1 =O 20005 10.0005 
44 —0, 2826 1003195 Vr ro .O0CL =0 0002 
45 50,3432 rae) Oo Oe Te =3 (0/0/9110) +0.0000 
46 e026 7 fO ea On dey -O2000) -0.0002 
47/ Hoes /oL Po o035 Vir +Q.0004 =O 0008 
48 pO<sS 10 momlo+6. V—r Oe U0O2 -0.0004 
49 ORO OS I Oe OGo7 7 V—r -0.0002 +0.0007 
50 -0.4364 Ono Vor +0. 0007 =0 0000 
oa O07 s5 —023034- Vr +O. O00! ~0.0002 
D2 =021994 -On0O208V—T =O, 000] +O, 0006 
aS Ory O20) +0.4614 V-r FOL VOO3 =0.0003 
54 +0.4333 Bolo 7 5 Vor On OUO2 -0.0000 
55 +0.8669 mo 706. Vor -0.0004 +0.0001 
Pre: 59 
i000 b Er hactor 0.500 Desired 
1.884 Sum 0.955 Transfer Oo) > OUEDUL 
13 Weights aUnasoF Beror =U, 2 9eCurrent’ Error 
Input PE Input Value Weight Type Delta Weight 
Bias ee OOOO OO Vee -~0.0004 +0.0016 
44 O28 23 OO SHae yy +0.0001 =O 20005 
45 =02543 1 +0.0467 V-r =O: 000 I Oe OOOZ 
46 =OuodzZe7 FOe0490 V-r +0.0000 =0,, O03 
47 vile ciiaglk flees OD VT +0.0004 = Ono Oe 
48 =O 361.0 =O es 939 Vor tO-00072 -0.0008 
49 Tor oO 31 +O 2 LOG v= Fr +O. 0001 +0, 0007 
50 -0.4364 -0.0164 V-r +O sO0O2 -0.0004 
ok mee. 35 mos 253 27 +0.0000 EO, 0003 
a2 =O 1994 On O00 56eV—T +07 0002 +0.0006 
53 Ce © FORO Rd Ss V—-r FOL OUGs —O 20006 
54 +0.4333 tOeZoao. VL =O. 00 Oil +0.0004 
55 +0.8669 tO OA 27 ole SOrmo00s FOnO00g 
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